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PREFACE. 


The Third ludiau 8cicu(*e .Congress held at ^ JjiKikrlow in 
February 1916, ^vas a great uuprovemcul ou Ibc bvsl and secoud 
meetings, iind t\ie expectations ol W'.e pYomoVers as to V\\o 
advantages o£ suoli meetings were on t.\\\s oe.easvon s\\o\v\\ to 
^istibed. The Indian depattiiiental system ol Orove-YWAwent is apt to 
restrict c^liTespondence between members of its numerous scientific 
departments and public and private institutions and to create a 
s^te of water-tight compartments. This is a serious drawback to the 
, interests of scientific progress in a country wliere most of the scientific 
work is carried on under the auspices of Government, A Sciem^e 
Congress breaks down these barriers and brings togetlicr ineii of 
Varied shade:; of opinion in every branch of scientific activity, and 
enables them to check and discuss problems in a manner for which 
the ordinary Government reports and publications offer no 
Gorrespojiding facilities. It also aids in the sifting of the good from 
the bad and gives the public, which is none too well informed on 
scientific matters, an opportunity of becoming acquainted with the 
doings of science. For these reasons the Indian Science Congress 
would seem to deserve every encouragement. It is hoped that it 
will continue to improve and become a powerful weapon for the 
aid and advancement of scientific progress in India. 

One of the features of the last Congress was the creation of an 
Agricultural Section in which papers related to problems affecting 
the agricultural industry were read and discussed. Some of these 
are of considerable interest, and it is thought that to bring out a 
selection in the form of a Special Congress Number of the Agricultural 
Journal of India will be appreciated by the readers of the Journal. 
This explains the reasons for the present is8U§. 


Indore : 

Dated the 5th May^ 1916, 


BERNARD CpVENTRY. 



With acknowledgments to the Asiatic Society of Bengal, 
under whose auspices the Indian Science Congress was held, for^ 
their kindness in allowing us to publish the papers contained in 
this number m extenso. 



EDUCATION IN ITS RELATION TO AGRICULTURE. 


BY 

BERNARD COVENTRY, C.T.E., 

L Xgriniltnral Advi^r to thA Oox^rnm^Mt of India and Director of fh*i 
Puna Agricultural Research Institute, 


“ 1 »m no educator, no teacher ; I have made no psychological 
study of young people from an educational point o^ view, nor of 
tlie different methods of teaching suited to different ages, no statis- 
fical investigation of the influence of particular curricida in training 
ute mind or furnishing it with useful information. I have, in short, 
neither made contributions to the science of education nor practised 

the art I can speak only as a member of the 

general public — not as an expert not that I regard 

the view of the general public as unimportant 

The general public must, as all will admit, decide wliat is to be 
spent o»i education or, more strictly, on schools and colleges and 
professional educators, out of both public and private income — 
it is for tliem to decide on its relation to other social and family 
needs. But the concern of the public with education is not merely 
financial and administrative. It is more intimate than that. For 
education is not a subject like physics or. chemistry on which only 
an expert has a right to an independent view. There are, no doubt, 
aspects of it of which only the expert can properly judge, there are 
experiments in it which only the expert can advantageously try, 
and there are, of course, departments of it in which the opinion of 
the expert is indispensable. But without depreciating either the, 
science and art of education, it is clear that when we take education 
in its widest sense it concerns everybody and almost everybody 
is bound to have views about it.” 

I ) 
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These words were spoken by no less a person than Mrs. Hepry 
Sidgwick in her address as President of the Section on Educational 
Science at the recent meeting of the British Association at 
Manchester. 

I feel like Mrs. Sidgwick that I am “ no educator and no teacher ” 
and that an, apology or at least an explanation is required from 
me for troubling you to-day in a subject on which 1 am not an 
expeit. But when we have it on such an authority as Mrs. Sidgwick 
that education “ concerns everybody and almost everybody is 
bound to have views about it ” I feel I have a measure of sanc^^n 
for imposing my views upon you. I do not propose, however, to 
make full use of this sanction and tell you all I think about educa- 
tion, but I propose to restrict my remarks to education in its relation 
to agriculture and further with the exception of an introductory 
statement dealing with a few facts, I do not propose to say much on 
the education of youth, but of that of the adult. You will probabb 
all admit that this is quite a novel and peculiar way of dealing 
with the question of education, but I trust you will find it none 
the less interesting and instructive. I should like to say before 
I go any further that I claim no credit for the ideas I shall place 
before you. They all come from America and, like everything that 
comes from that wonderful country, they are exceedingly “ cute 
and practical and in my opinion are eminently applicable to India. 

The population of British India comprises over 266 million 
souls. Of this vast' multitude 80 per cent, or over 200 millions, 
that is to say, 4 in every 5 are dependent on agriculture. Any 
educational system therefore which does not take into considera- 
tion the relationship it should bear to agriculture is likely to be at a 
disadvantage. It is on the importance of this aspect of the educa- 
tional problem I intend to address my remarks. Now out of the 
whole population, 7| millions or about 3 per cent, are scholars, 
though 16 per cent, or 36 millions are of the school-going age. Thus 
only 20 ppr cent, of those of the school-going age receive any 
education at .all Of these 7| million scholars, about 1 million 
proceed to fecondary education and about 40,000 reach a University 
career. ^ 
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• In judging of these figures in relatibn to tlSs agiioultural industry 
it should be borne in mind that the percentage of scholars is much 
higher in the urban than in the rural areas and also that a very large 
number of rural scholars never get more than a mere smattering 
of the most elementary education; so that educational efficiency 
in rural areas is very much lower than the official returns of general 
education would indicate. I may appropriately refer here to a 
small brochure entitled “ A Policy of Rural Education ” by Mr. S. H. 
Fremantle*, the Collector of APahabad, which has quite recently 
bi^ published and which is well worthy of perusal. He complains 
how both in urban and rural schools education is too literary and 
how primary schools are worked for the benefit of that small section 
which can afford a secondary education and not in the interests 
of the overwhelming majority of agriculturists, most of whom 
abandon their studies after a few months. I think Mr. Fremantle 
iis^right. It means that very few indeed of the agricultural popula- 
tion get any education at all, and that, as a class, it can be put 
down as almost ilhterate. The authorities have not been ignorant 
of these facts, and it is not from want of trying to improve matters 
that things arc at such a low ebb. Much has been done in recent 
years to improve our system of education, especially in its relation 
to agriculture and the subject may be said to have received an 
unwonted measure of attention. In 1901 an important Conference 
was held at Simla presided over by Lord Curzon which led to a 
complete overhauling of the existing educational machinery. A 
policy of reform was then started, the vitalizing influence of which 
is felt to this day. A department of education was created with a 
member of council in charge. Money grants were increased and they 
have still further increased, as a result of keen interest taken by the 
present Viceroy, Lord Hardinge, who has made education a special 
object of his attention. Thus the total expenditure which in 1901 
was 4 crores, to-day is over 10 crores. The number of pupils in 1901 
was 3f millions, to-day it is millions. Interest has been stimulated 
in every quarter and expansion is noticeable in dvery branch. 


1 Frenuuitlev S. H., A Ptjliey of BunU Eiueation. W. Kownum & Ck>., CaUsatt^e 
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' Agricultural and fural education have had quite a fair share 
of attention, and the need which exists ^or connectii^ the teaching 
of the schools with our chief industry has been and still is fully 
recognized. I therefore do not complain of w^ant of endeavour. 
But it cannot be said that these efforts have been crowned 
with the success one would have wished. But if we have to 
admit failure, whether complete or paitial, we have gained 
considerably by the discussions which have resulted and by the 
light which has been thrown on the difficulties inherent in 
the problem. • . \ . 

The occasion when agricultural education rst seriously engaged 
the attention of Government and the people was in 1904, when the 
policy for improving the agricultural industry was started by fiord 
Curzon. At first it was the intention to resti-ict efforts to improving 
the industry' itself, but later, influenced no doubt by the examples 
of advanced schemes abroad, the Government elaborated a policy' 
under which not only research and experiment, but agricultural 
education proper, formed an important and integral part. Large 
sums of money were devoted to the erection of agricultural colleges 
in nearly all the Provinces. Syllabuses were prepared by the Board 
of Agriculture and the Colleges were empowered to grant a diploma 
of Licentiate of Agriculture. At first, signs of success were not 
wanting. Candidates freely offered themselves for admission and 
there was found no difficulty in filling the colleges. However, as 
time rolled on, a decline in admissions became perceptible until the 
year 1913 when, in some colleges, the position bec.ame acute and the 
matter was brought up for consideration before the. Board of 
Agriculture. The proceedings of the Board in that year indicate the 
general failure of the schemes drawn up in 1906 and 190&, and we 
find it expressed that the courses were found not to be suited to the 
class of students for which the colleges w'ere intended, that the 
deipand and utility for the course is obscured by its being made a 
road to ^ degree, that college graduates engaged on the subordinate 
staff 6 £ the Agricultural Department, with very few exceptions, 
failed to show any power to develop any original line, that intelligent 
inquisitivene^ and power of independent thought was lacking, 
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t^at tile course engendered too much oranf and too fittle power 
of application, and so forth^ What was the root-cause of this failure 
would appear to be erplained in one of the resolutiods which stated 
“ that the general standard embodied in the Matriculation or 
University Entrance Examination does not provide a sufficient basis 
to enable a student to take full advantage of the higher instruction 
obtainable in the existing agricultural colleges in India and the 
Board recommended that a general higher education is necessary in all 
students admitted to such a course. In other words, it v\ ould appear 
t|mjb the standard of general education in the country was too low 
to afford suitable material with which to man (solleges of such an 
advanced type as those which had been get up by the Agricultural 
Department. In fact, the colleges as educational centres were ahead 
of the times— primary and secondary education was too backward. 
Consequently the Board suggested u compromise by lowering the 
^standard of the college curriculum to meet existing conditions and 
expressed its approval of a two years' preliminary practical course, 
which had been prepared foi- the agricultural college at Coimbatore 
as an intrcxluction to the more advanced course. Many of the 
(jolieges have since adopted this, with the result that admissions 
have considerably increased. While wm may expect that the 
Department will benefit by an increase of recruits for filling its 
subordinate posts, it has yet to be seen how far the education of the 
cultivators will be influenced by the change. My own View is that 
these colleges as instruments for education will not accomplish very 
much, for the simple reason that they are ahead of the times 
and that there can be no real demand on the part of the youth of 
the country for an advanced agricultural course until considerable 
progress has been made in primary and secondary education and in 
the improvement of agricultural methods. Not until the industry 
is more highly developed and the standard of living has been 
raised, will there arise a demand for higher education amongst the 
agricultural classes. 


1 Proetedingt vf the Smrdof Af/rutnUurf in India, 1»I8, p. 42. OoTernaenf Printinii, 
iBdi*, CalcQtte. 
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The creation of a^oultural oolleges, however, is by no mea^ 
the only effort that has been made to improve the education of 
our agnculturdl youth. Agricultural schools under the supervision 
of the Agricultural Department have been started in some provinces 
which were commended by the Board. They give considerable 
promise of success and, in my belief, deserve every encouragement. 
Also, there have been attempts in all provinces to set up a system 
of rural education by imparting instruction based upon the 
agricultural surroundings of the children, and endeavours have been 
made to use nature study as a means to that end. But so far ti;e 
results, we must admit, have been of a microscopic character. 

But there is a form of education which is not included in those 
I have mentioned and is unknown in India. It is a form of 
education which has been adopted in certain parts of America and 
which has of late attracted a considerable amount of attention. 
It is, in my humble opinion, applicable to the conditions existing in 
India, and offers opportimities in which officers of the Agricultural 
and Educational Departments could profitably combine to make 
the problem of education of the masses easier and more efficient. 
I will give a brief description. 

In America general education is carried on chiefly by the 
Government by whom large sums of money are yearly allotted 
to the cause of education, but privately supported colleges are 
abundant and both these and Government schools are largely 
assisted by private benefactions, the most in)portant of which are 
controlled by a private body known as the General Education 
Board. 

Ten years ago great interest had arisen in the upraising of the 
Southern States whose industrial and educational conditions had 
fallen very much behind those of the Northern States. Conditions in 
the Southern States resemble in many particiilars those which obtain 
in rural India. About 80 per cent, of the population is agricultural, 
depending foi; its livelihood almost entirely on the produce of the 
soil. '3%.ere was great backwardness in both educational and 
industidal progress. Unfavourable economic conditions existed 
which were maiidy the result of rural poverty. While the average 
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anniuil earmngs of agricultuiists in the Northern Statea were more 
than 1,000 dollars, those in the Southern States were as low as 
160 dollars. Under the auspices of the General Education Board 
an enquiry was set on foot to study the educational conditions in the 
Southern States and to devise the ways and means for improving 
them. The very practical way in which the enquiry was conducted 
is characteristic of the American people. Surveys were planned 
State by State, conferences were held, monographs were prepared, 
dealing with the various points on the organization of education. 
The conclusions which resulted from this enquiry are peculiar. 
To quote from the Report, it “ convinced the Board that no 
fund, however large, could, by direct gifts, contribute a system 
of public schools ; that even if it were possible to develop a system 
of public schools by private gifts, it would be a positive disservice. 

The public school must represent community ideals, 

, community initiative, and community support, even to the point 
of sacrifice.”' Tire Board therefore resolved that assistance should 
be given not by foisting upon the Southern States a programme 
of education from outside, but by aiding them and co-operating 
with them in educating themselves. When, however, it proceeded 
fo apply these principles it was faced with the following initial 
difficulties. They found the people had not enough money, “ that 
adequate development could not take place until the available 
resources of the people were greatly enlarged. School systems 
could not be given to them, and they were not prosperous enough 
to support them.” “ Salaries were too low to support a teaclung 

profession Competent professional training could 

not exist ; satisfactory equipment could not bo provided.”* These 
conditions were primarily the result of rural poverty. The great 
bulk of the people was not earning enough to provide good schools 
and the prime need was money. The Board therefore came to the 
conclusion that it could render no substantial educational service 
until the farmers could provide themselves with larger incomes** 

• t 

* General Education Boards An Account o/ ite Actioitia, 1902—1914. 61 Broadway, 

Now York. . • 

* Ibid, 
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<and consequently they resolved that it was necessary first to improve 
the agriculture of the ^uthem States. Kow mark what fdlowed. 
The Board was first advised to address itself to the rising generation 
and to support the teaching of agriculture in the common schools. 
But after thoughtful consideration this plan was rejected. They 
foimd that in the absence of trained teachers, the effort was 
impracticable ; moreover, there were no funds with which to 
pay such teachers, and the instruction itself would not materially 
contribute to its own support. Finally, it was impossible to force 
intelligent agricultural instruction upon schools whose patrons wdre 
not themselves alive to the deficiencies of their own agricultural 
methods. Until the public was convinced of the feasibility of 
superior and more productive methods the public schools could 
not be reconstructed ; once the public was convinced and, by 
reason thereof, better able to stand the increased cost, the schools 
would naturally and inevitably re-adjust themselves. 

“ It was therefore deliberately decided to undeitake the 
agricultural education not of the future farmer, but of the present 
farmer, on the theory that, if he could be substantially helped, he 
would gladly support better schools in more and more liberal 
fashion.’” The Board, therefore, set about an extensive enquiry as 
to the best means of conveying to the average working farmer of 
the South, in his manhood, the most efficient known methcKls of 
intelligent farming. As a result of this enquiry a movement known 
as the Co-operative Farm Demonstration was set up. A year was 
spent in discovering the most effective methods of teaching improved 
agricultural methods to adult farmers. Dr. Seaman Knapp of 
the United States Depantment of Agriculture was engaged to 
show farmers how to improve their agricultural methods and raise 
the standard of their industry. It was not long before successful 
results were obtained. Under improved treatment it may be 
roughly stated that the crop yields were doubled. Thus in 1909 
■ ,tte average yield in pounds of seed cotton was 503*6 per acre : 
on demonstraii 9 ]L\ farms the average was 906*1 pounds ; in 1910 


GfMtrui Board, Am ArcouiU of its AcUvUios, 1902—11*14. 
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jSgiureB were £12*1 and 858*9 lespectivdy ; in 1911, 624*6 and 
1081*8 ; and in 1912, 579*6 and 1054*8. 

In tbe growing of corn similar results Vrere obtained. In 1909 
the ordinary average yield was 16*7 bushels per acre, while on the 
demonstration farms it was 31*7 bushels per acre, lu 1910, 19*3 
and 35*3, in 1911, 15*8 and 33*2, and in 1912, 19*6 apd 35*4. It k 
further stated that the poorer the season, the more clearly did the 
demonstration methods prove- their superiority. The work was, 

, also studied from the standpoint of the farmer’s financial profit. 
“ In Alabama, for example, in 1912, the average yield of lint cotton 
was 173 pounds per acre ; but demonstration acres averaged 428*3 
pounds. Denioubtration methods, therefore, netted the farmer 
255*3 pounds per acre. At the average price of 65 dollars a bale 
for lint and seed, the farmer made an extra 33 dollars per acre 
as there were 8,221 acnes under (iultivation on the demonstration 
.j methods, the total gain was 271,000 dollars, lu the same year 
?,402 a(!re.s wf*ie under cultivation in demonstration corn. Demon- 
stration acres averaged 26*9 bushels more per acre than the general 
average for the State. I’he demonstration farmers of the State 
pocketed 139,379*66 inconsequence.”' This was of (iourse in one 
State alone. These methods have not been restricted to cotton 
and corn, but have been applied to a very large number of crops 
and the propaganda is not limited to cultural methods, but is applied 
equally to the improvement in farm equipment, more* comfortable 
houses, better barns, stronger teams, better implements, and (deaner 
and healthier surroundings. Hence it is claimed that the beneficent, 
results of this work are not limited to financial profit and cannot 
entirely be measured by money. Chasacteristic examples of the 
relief which the new system brought are cited, but one example 
will sufiice. In Mississippi 5 years ago the value, of a certain 
farmer’s produce was one dollar per acre and he was 800 dollars in 
debt. In 1909 his entire farm was worked under the Government 
method. He averaged 1,100 lb. of cotton against his neighbout’g' 
300 to 400 lb. He made besides 500 bushels of opim Rud from one 


Ibid. 
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special demonstration acre realized 162 barrels of bigh class seed 
which be sold for 300 dollars. His debts are now paid and be bas 
cash in the bank. So much for the education of the adult farmer. 
We now come to the effect this movement has had on the education 
of youth. We are told that the initiation of demonstration work 
and the application of the principle of co-operation has resulted 
in the disappearance of the disorganization characteristic of rural 
life. Colleges of agriculture, farmers’ institutes, agricultural high 
schools, " Boys’ Corn Clubs,” “ Girls’ Canning and Poultry Clubs/’ 
and the like have been brought into existence where practically 
none of these things existed before, and that the social and educa- 
tional awakening of the rural South is recognized as being a bye- 
product of the demonstration movement. Statistics show that the 
provision for schools has steadily increased. Thus the expenditure 
for public, elementary, and secondary schools in North Carolina 
which was 1,091,226 dollars in 1901, is 4,300,000 in 1913. In 
South Carolina the expenditure which was 961,897 dollars in 1901 is 
2,609,766 in 1913, Arkansas 1,369,809 and 4,279,478, and so forth. 
These instances give but meagre examples of the important results 
achieved by the demonstration movement. For greater detail 
I must refer you to the Report ' itself. 

I think you will agree with me that the educational policy I 
have described is novel and peculiar. When I say novel, 1 do not 
mean that demonstration work has not been used before among 
farmers and cultivators. We all know that it has, but it is novel 
in the sense, that never before, so far as I am aware, has demonstra- 
tion been used in any country as a force and weapon for education 
so as to make it a condition precedent to the education of youth. 
It is a new e^eriment but a new experiment of a remarkable kind. 
The results indicate that it is no use to try and educate youth if you 
do not first secure the welfare of the community to which it belongs 
and that therefore the development of resources should precede 
.eduction in order of time. What the American General Board 
of Bdiicatipn s^ys to the farmer in the Southern States is — ^You 


liM. 
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are too poor to supply your sons with education ; we could assist 
you, but we do not consider it proper to do so, unless you yourselves 
contribute. As you cannot do this, we will assist ;fou to increase 
your earnings so that you will be in a position to provide yourself 
with schools. When you have done this we will assist you further. 
We consider that it would be wrong for us to directly educate the 
rising generation, if you are not able to participate ; in fact, we 
believe that it would be a positive disservice for us to do so. Your 
schools should be started by yourselves, they should represent 
community ideals, community initiative, and community support 
even to the point of sacrifice. 

We have seen how the experiment has succeeded. Might we 
not with advantage apply the same principles to India ? Might 
we not invite the co-operation of the Agricultural Department in a 
general scheme and policy of education ? Is there any likelihood 
of success without this ? Can we hope to give the youth of this 
country an adequate educational service unless we go to the root 
of things, like the Americans have done, and enbst and increase the 
activities of the Agricultural Department in enlarging the resources 
of the cultivator and thus build our educational system on the 
increased prosperity of the agricultural classes ? These are the 
questions I desire to offer for consideration. India is in no better 
position than the Southern States were ten years ago.- Indeed I 
think we may safely assert it is in a far worse position. ’The average 
earnings of individuals in the Southern States at that time were 
160 dollars. In India, according to some authorities, under the 
most optimistic calculations, they are as -low as Ks. 30 per head. 
You must agree this gives little or no scope for self-help. It 
therefore seems to me plain that under present conditions we cannot 
expect the country to supply itself with the means for an advanced 
system of education. Nor can Govermnent be expected to do so, 
for Government’s resources are limited and depend upon taxation, 
and that in turn depends upon the ability of the people to be taxed* * 
All Government can do is merely to touch the fringe, of the problem 
and supply a modicum of education ; it cannot afford to do more. 
Mr. Fi'emantle very well describes the situation when he says : ‘I We 
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should Bureljr pause to Consider whether the time is ripe for the intro- 
duction of a system of general primary education into rural areas. 
It is a question whether we are not beginning at the wrong end 
and whether primary education can make any real advance before 
there is a substantial improvement in economic conditions.”* These 
are words which the devotees at the shrine of the policy of free 
education for the masses might with advantage ponder. 

The question then is whether we can, in any way, make the 
principles which have been so successfully applied in America, 
applicable to India. My belief is that we can. We have practically 
the same conditions here as obtained in the Southern States ten 
years ago. If anything, as I have shown, they are a good deal worse. 
But this is no argument against their adoption. Rather the reverse, 
for the lower the degree of prosperity, the greater is the need for 
increasing it. Already in the Provinces a great deal has been done 
by the Agricultural Department in the way of demonstration of the 
character described and utilized by the American Board of Educa- 
tion. But it does not go far enough. It, however, forms a nucleus 
on which to expand and might well be used as a beginning. The 
work is on the right lines. But we require to do more. We want 
more men, more money, wider organization ; but, above all, we 
require the recognition amongst all classes that in this work lies 
the germ o’f future progress. This is a point which is not generally 
recognized, or, if so, it is certainly not acted upon. Wliile the money 
spent to-day on education is over 10 crores of rupees, that on agri- 
cultural development is only 50 lakhs. That shows that we have 
not yet got to view these two important problems in their right 
perspective, and do not fully realize the important relation wlrich 
agriculture bears to education. Many think that the development 
of agriculture depends on education, and we gave effect to that view 
when we started our agricultural colleges. But would it not seem 
that the truth lies in the opposite direction, and that in a backward 
countey like India tJie advance of education is really dependent on 
the development of agricultmre, and that the best fom of education 
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you can give to the rural classes under exiting circutoistanws is 
demonstration in improved agricultural methods ? It was found 
to be so in the Southern States of America and we have no reason to 
suppose it is otherwise in India. To carry out the idea it is not 
necessary to bring our present educational policy to an end. I 
would not prc^ose anything so revolutionary. Government must, 
as I have already explained, supply a modicum of liters ry teaching 
and this must continue, but it would be an immense improvement 
if the Agricultural Department were called in to co-operate and 
deijionstration were given a large share in the general scheme of 
education. 

We couht not be expected at first to progi’ess with the same 
degree of rapidity as in America, because we have to do a large amount 
of research and experiment before we can demonstrate improved 
methods on a large scale. In America the advanced stage in the 
agricultural development of the Northern States supplied ready at 
hand the ato( k-in-trade required for at once setting in motion the 
demonstration movenient in the backward Southern States. We 
are not so forward. Still we have achieved enough with our small 
band of workers to show that the same kind of work can be done Out 
here and that all we require is expansion. Given the means for this 
(and who will say it would be a bad investment ?) and a recognition 
of demonstration as an integral part of a general scheme of 
education, and I feel sure we shall, by such a policy, lay* the bet>t and 
securest foundations for the advancement of education as well as 
of the prosperity of the people. 
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I. Introduction. 

A study of the literature dealing with agriculture indicates 
that there is some confusion of ideas as to the precise relation which 
exists between the science of botany on the one hand and the 
practice of agriculture on the other. In the present paper, an 
attempt has been made to define the bearing of the scientific aspect 
of the vegetable kingdom on the economic development of crop- 
production and to show how a knowledge of this science can best be 
applied to agricultural problems. A new term has recently grown 
up— Agricultural Botany— and text-books have appeared thereon 
as if a new branch of the science had been developed. Agricultural 
botany is supposed to be easier than ordinary botany and to be 
more adapted to the needs of the students in agricultural colleges. 
It is often assumed that in such colleges only a rudimentary knowledge 
of botany is required and that the examples used in teaching must 
of necessity be taken from cultivated crops. It is even thought 
that students trained in this manner will develop into investigators 
and that advances in agriculture can be achieved by such agency- 
I venture to assert that nothing could be further from the truth 
and that, in this direction, there is no royal road to success and that 
the final result dl such endeavours can only be disappointment. 
For any real advance to be made in crop-production, a thorough 
scientific knowle^e of botany in all its branches is one of the first 

( 1 * ) 
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conditions of progiess. This will be clear if^he real problems to be 
solved are considered in all their bearings. 

The attempt to improve cultivated crops by scientific methods 
is a recent development and can be traced to two main causes — 
(1) the gradual recognition of the fact that in agriculture the plant 
is the centre of the subject ; and (2) the rapid rise of the study of 
genetics which followed the re-discovery of Mendel’s results in 
inheritance. • 

Starting from Liebig’s application of chemistry to agriculture, 
an enormous amount of chemical investigation, relating to the com- 
position of the soil and of the plant, took place and for a time great 
hopes were entertained that in this direction important progress 
could be made. These expectations were not fulfilled, and gradually 
the chemists broadened the basis of their investigations and took 
into consideration the physical character of the soil, its geological 
origin, and the natural vegetation found growing therein. In this 
manner, moc'ern soil-surveys have arisen in which the importance 
of the plant as a living organism has been slowly recognized. 
Recently, the development of genetics has drawn still more attention 
to the plant and this recognition is reflected in the present consti- 
tution of the staffs of up-to-date Experiment Stations. Side by 
side mth these changes, the studies of disease in plants have to 
some extent receded in importance as is well seen if the present 
staff of the Bureau of Plant Industry of the United States Depart- 
ment of Agriculture is compared with that of twenty years ago 
when this Bureau was almost entirely composed of mycologists 
and when the advice given by the botanists was largely confined 
to the treatment of plant diseases. 

The importance of the plant in crop-production may be said 
to be generally recognized at the present time. A large number of 
botanists are being employed at E^eriment Stations and the public 
have often been led to expect that a revolution is about to take place, 
particularly through the application of what, is popularly known* 
as Mendelism. A critical examination of the [(jterature discloses 
some signs thaf these extravagant hopes are not likely to be fulfilled, 
not that these hopes are impossible but rather because the probjems 
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have not always been ‘taken np on a BuMcmtly broad basis and 
attacked simultatieousiy from several standpoints. 

r 

JI. The Development op Botany. 

A brief review of the manner in which botanical science has 
developed will, help to make clear the great difficulties which must 
first be surmounted before any results of real practical value can 
■ be obtained. • 

As is well known, the origins of modern botany are to be traced 
to the old herbals of the sixteenth and seventeenth centuries and to a 
period when plants were studied chiefly from the medicinal point 
of view. It was then essentially a field study out of which the 
modern ideas on classification slowly emerged. The development 
of the microscope, while leading to immediate and far-reaching 
advances, necessarily focussed the attention of investigators on the 
anatomy of plant organs and on the study of the various structures 
met with in these researches. Similar particularist tendencies 
arose in the growth of systematic botany and undue attention was 
often paid to the study of the floras of various regions from the point 
of view of herbarium specimens alone. The growth of physiology 
was too slow to remove entirely the evils of a somewhat formal 
and one-sided development which was reflected both in teaching 
and research. Physiolt^ical investigations are notoriously difficult 
and the greatest patience and skill are necessary in advancing 
our knowledge of the various functions in the plant. The manner in 
which botanical science has developed and the necessity of dealing 
with large classes of studente in Universities, have necessitated a 
somewhat formal presentation of the subject in separate sections 
such as morphology, anatomy, physiology, and systematy. Much 
of this sub-division is inevitable but it renders difficult a proper con-, 
ception of the plant as a living whole, as a complex factory which 
takes in, by way of the roots, various mineral salts in solution in 
'water and, by the leaves, oxygen and carbon dioxide, from the air, 
working all these raw materials up into comp^ food substances 
by means of energy focussed from the sun through the medium of 
the chlorophyl oorpuscles. The plant is continuaHy manufacturing 
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new food, developing new organs, and completing its life cycle 
under constantly varying conditions as regards ^ moisture, food 
materials, temperature, humidity, and illumination. The vege* 
table kingdom is like a multitude of exceedingly complicated 
and competing hostile factories which have to carry on their acti- 
vities under all sorts of rapidly varying circumstances. Any failure 
to meet the changes in the working conditions, caused by weather 
or by shortage of water and mineral salts in the soil, may mean the 
stoppage of the factory and the extinction of the organism. In 
this competition, all the combatants are armed to the teeth and 
possess all kinds of devices to assist in the struggle for existence. 
If any space in (he sun is yielded by one of the competing factories, 
it is instantly seized by the rest. The limitation of armaments 
is an impossible conception in the vegetable kingdom. It is no 
easy task for the student to appreciate fully the many-si<led 
aspects of the living plant and to master the manifold details of a 
sciemse, still to a large extent in the descriptive phase of develop- 
ment, particularly when that subject is presented to him in parts 
often very loosely bound together. The investigator too is ham- 
pered in this direction by the necessity of specialization and of 
narrowing down the conditions of a problem so that the ordinary 
clear cut methods of academic research can be applied. It requhes 
a conscious mental effort on the- part of a botanist to regard the 
vegetable kingdom as a whole and not to think of it ojily in verms 
of systematy, physiology, or of anatomy. Ttaining in research in 
any particular branch does not necessarily widen the general outlook, 
although it is of the greatest use in other ways. 

The more recent developments in botanical scsience are for- 
tunately all tending to a study of the plant as a living whole. Both 
the scientific study in the field of plant associations (ecology) and 
the systematic examination of the various generations of plants 
raised from parents which breed true (genetics) are doing much 
to mitigate the evils which follow from undue* devofjion to purely* 
laboratory work. Ecology and genetics are talcing the botanist 
into the field and wiU, in all probability, materially influence the 
future development of the science. This will be all to the good find 
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should do much both* to raise the standard of and emphasize the 
importance of field work and also develop the natural history side 
of botany. T^he botany of the future is likely to combine all 
that is valuable in laboratory work with modern ideas on ecology, 
classification, and genetics. 

III. The Eelation of Botany to Agriculture. 

We have seen that from the nature of the subject and arising 
out of their training, most botanists experience difficulty in realizing 
fully the plant as a living whole in which, one part reacts ort another. 
A wide scientific outlook on the many aspects of plant life is neverthe- 
less the first condition in applying botanical science to practical 
problems. It is, however, by no means the only one. The next 
step for the botanist is to study his crop in the field and to learn to 
appreciate the agricultural aspects of crop-production. In other 
words, he must study the art of agriculture as applied to his 
particular problem. Too much stress cannot be laid on this. The 
investigator must himself be able to grow his crop to perfection and 
it is not too much to say that no real progress can be made without 
this. The ordinary agricultural processes applied to any crop bear a 
direct relationship to the physiological necessities of the plant and 
have been evolved from centuries of traditional experience. Tbxis 
in the growth of ralmr {Cajanus indicus) in many parts of India, it is 
the custom to dig the land at the end of the monsoon as by this 
means the yield is’ increased. The physiological basis of this 
operation is the necessity for the provision of abundant air for the 
root-nodules in an alluvial soil consolidated by heavy monsoon 
rainfall. Indeed the agric\iltural processes necessary to grow a crop 
to perfection in India are nothing more than lessons in physiologj’ 
learnt by experience through a long period of time. In all investi- 
gations on crops, a first-hand knowledge of practice is necessary and 
nowhere is it so important as in plant-breeding work where practice 
is quite as vahiable’as an acquaintance with the methods and results 
of geiielics. The greatest devotion to the study of inheritance, 
using for this purpose material indifferently grown, is largely labour 
lost as many ch:a|acters are masked unless the plants are really 
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thriving and well-developed. For instance in wheat, the red colour 
of the chaff never develops in badly grown plants thereby causing 
great confusion in systematic and breeding work on this crop. In 
tobacco, the various leaf characters are almost entirely masked by 
bad cultivation and their inheritance can only be studied if the 
crop is grown to perfection. 

The investigator, after having learnt how to grow plants and 
having mastered agriculture as an art., must proceed to study his 
crtjps in the field. It is not sufficient to plant the seed and wait till 
flo\yering time and harvest come round for the results. Daily 
contemplation of the growing crop and observation of the plant 
through its whole life-history will suggest many new ideas and do 
much to train the observer, and develop the power of accurate 
deduction and jeal agricultural insight. In variety trials and 
field experiments, the necessity of constant observation of the 
growing crop is seldom recognized. An even plot of land is selected, 
th*e crop is sown and the harvest weighed. Should the season bo 
abnormal, this circumstance is often recorded. It is somewhat 
dimly perceived that the quantitative results of any year partake 
of the nature of an accident, but it is thought that a repetition of the 
experiment for, say, fifty to one hundred years and the striking of 
an average result will remove most of the effects of disturbing 
factors. It is true that this expensive and time-oonsumiiy^ procedui e 
will give the mean result under the conditions of the experiment 
provided all due care is taken in carrying out the work. 
On the other hand, a constant observation of the growing crop 
by a fully qualified observer will lead to the deduction of the factors 
on which yield depends far more rapidl/ and accurately than can 
be done by such a mechanical method. Constant observation of 
the growing crop is therefore of the first importance. In course of 
time, the observer learns how to read his practice in the plant and, 
at the same time, he develops from hardly won experience a 
sympathy and understanding of the cultivator and of* the grower’s* 
point of view. The raising of crops is a most usefQl discipline for a 
young investigator fresh from the university, and it also serves rapidly 
to remove any intellectual arrc^ance he may possess in his attitude 
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towards the farmer or cultivator. First-hand practical experience 
will thus assist towards producing a proper relationship between 
the scientist on the one hand, and the practical man on the other. 
This apprenticeship will, at the same time, serve to eliminate at 
the outset men who lack a practical turn of mind. The agricultural 
public judges largely by eye, and is not trained in the rapid digestion 
and understanding of printed reports. Well grown crops at an 
experiment station are much more telling than printed bulletins 
however weU-iUustrated these may be. In dealing with the would-be 
improver, the attitude of the agriculturist is often one of amused 
scepticism as, among themselves, deeds always count much more 
than words and the benefits of education are not always regarded 
with enthusiasm. “ Show me thy cultivation and I will tell thee 
what thou art is merely putting into words the view of the country- 
side towards a new arrival in its midst. The agricultural investigator 
must also pass through this ordeal with credit to himself before 
he can hope to establish his position and hold his own with the 
tillers of the soil. 

Science and practice must be combined in the investigator 
who must himself strike a correct balance between the two. The 
ideal point of view of the improver is to recognize agriculture as 
an art which can best be developed by that instrument called 
science. Once this is fully realized and acted upon, the place of 
the experiment station in agriculture mil be understood as a matter 
of course and the qualifications needed by the workers will be self- 
evident. There will be little or no progress if practical agriculturists 
are associated with pure scientists in economic investigations. 
This has often been tried and has never yielded results of any 
importance. The reason why such co-operation fails is that without 
an appreciation of practice, the scientist himself never gets to the 
real heart of the problem. The history of the indigo investigations 
in India is a very good case in point. During the last 20 years, a 
■ number of scientists have been employed in an endeavour to improve 
the prc)duction o^natural indigo. Over £50,000 have been expended 
on this work between 1898 and 1913 but no results have been 
obtained, largely b^ause the scientists preferred to engage European 
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assistants on indigo estates to grow their experimental crops rather 
than to cultivate them themselves. The result was that the real 
problems were not discovered, a large amount of ineffective work 
was done and valuable time was lost during which the natural indigo 
industry declined and the synthetic product rapidly established 
itself in the markets of the world. The solution of the indigo problem 
has recently been disclosed by a study of the plant in the field. 
It is not too much to say that if a properly qualified botanist with 
a knowledge of agriculture had attacked the indigo problem twenty 
years ago, the history of this industry would have been very 
different. 

There remains for consideration the commercial aspect of 
investigations on crops and the necessity, on the part of the worker, 
of keeping in close touch with the requirements of the trade. Parti- 
cularly is this important in the case of materials used in textile 
industries like cotton whei'e any marked alteration in the raw product 
might easily iuvol \’e extensive changes in machinery. In the case 
of ceu',als like wheat, it is necessary in improving the variety to 
follow closely the needs of the manufacturer and to ensure that any 
new types introductKl into general cultivation can be milled to 
advantage. If grain quality, of increased commercial value, can 
be secured as well as higher yielding power, the combination is all 
to the good. The investigator must therefore study trade require- 
ments and be able to make use of the experience and knowledge of 
the men who handle and use produce on the large scale. The 
successful merchant often possesses information which is of the 
gi’eatest value to the botanist and which helps the investigator to 
perceive the manner in which an improvement can most effectivel 
be made. Just as the success of a commercial man depends on his 
ability to determine the direction in which he can improve his 
method or Ids product above those of his competitors, so the investi- 
gator must possess a similar practical instinct. He must be able 
rapidly and unerringly to decide in which direcJtiou tjie maximum, 
improvement is possible. * • 

That a combination of science, practice, and business ability 
in the same individual is essential in all agricultural investigations 
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dealing with the plant will be evident if the kind of problem awaiting 
solution is considered in detail. Many of these questions fall into 
the following three classes : — 

(1) Imjjrovements in the efficiency of the plant. If we regard 
the plant as a factory aird a crop as a number of factories, the aim 
of the grower k to produce the largest possible output of some plant 
product — seed, leaves, roots, stems, or flowers. In stimulating a 
crop to produce the maximum in any one direction, the factory as a 
whole must be considered and the machinery must not be thrown 
out of gear. The physiological aspects of growth must be clearly 
kept in mind as well as the conditions under which the translocation 
of reserve foodstuffs takes place. We can, for example, often 
increase the yield of leaf in a crop like tobacco by suitable mauurial 
treatment such as a copious supply of nitrogenous food material, 
but the residting loss in quality is st) great that the extra weight 
would result in financial loss. We should merely produce in this 
way badly ripened leaves in which the proper development of colour 
and flavour during ciu'ing would be impossible. Any attempt to 
increase the output of a crop can only be successful if the physiology 
of the plant is considered together .with the economic aspects of 
prodiuition. !Such problems have to be solved within the working 
conditions of the plant factory and also within the general economic 
limits imposed by labour and capital. In such mattei's, the 
investigatoj' inight easily go astray unless he keeps the laws 
of plant physiology' in view and unless he is fortified by a 
knowledge of practice and an appreciation of the general working 
conditions. 

(2) The treatment oj disease. The inadequacy of much of the 
experiment station work on the diseases of plants, in which fungi 
and insects ai’e concerned, has recently been referred to by 
Professor Batesoid in one of the sectional addresses to the British 
Association : — 

‘ “ Nowherfi is the need for wide views of our problems more 

evident than in the study of plant diseases. Hitherto, this side 

' litporl of AifvtivUUitm/ot tht Adraut-rmetU of Svivnoe, 1911, p. 590, 
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of agriculture and of horticulture, though full of poasibilities for the 
introduction of scientific method, has been examined only in the 
crudest and most empirical fashion. To name the disease, to burn 
the affected plants, and to ply the crop with all the sprays and 
washes in succession ought not to be regarded as the utmost that 
science can attempt. There is at the present tijne liardly any 
comprehensive study of the morbid physiology of plants comparable 
with that which has been so greatly developed in application to 
animals. The nature of the resistance to disease, characteristic 
of, BO many varieties, and the methods by whicli it may be ensured, 
offer a most atti-active field for researcli, but it is one*, in which the 
advance must bo ma<le by the development of pure science, and 
those who engage in it must be ])repared for a long period of labour 
without ostensible practwial results.” 

A diseased condition in a plant usually arises from some profound 
inteiference with the normal physiological processes after which a 
pathological pluise gradually develops. The protoplasm and 
cell-sap bec-onie charged with waste products and a parasitic fungus 
is then able to destroy the tissues. An invasion of fungus mycelium 
is usually impossible when the plant is in health as protoplasm is 
sti'oug enough to resist any attack and the cell-sap is notin a suitable 
(iondition to nourish the fungus. The parasitic fungus and the 
destructive insect are often consequences rather than tlie l eal causes 
of disease and are merely the last phase in the death of a moribund 
organism. The J»va indigo crop in Bihar' has recently furnisiKid 
an interesting example of the necessity of a wide outlook in the 
investigation and treatment of plant diseases. A diseased condition, 
known locally as wiM, began to make its'appearance some years ago 
after which it rapidly spread all over Bihar. About the middle of 
the monsoon, the plants were observed to drop a good deal of leaf 
and the remaining foliage was seen to change in appearance, becom- 
** greyish, slaty colour'. Growth finally ceased after which the 
plants slowly 'died during October and Noveiuber. .Not only was 

^ Howled ftrud HowAnly The Dnprovetnenl of Jndiyo in Bihar, Bullwtina 51 /^iid 54, 
Agrioultural Rotoaroli lautitutu, Piua. 
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tlie yield of dye seriously reduced, but the aiiected plants yielded 
hardly any seed. For this reason, the area under Java indigo in 
Bihar rapidly fell from 70,000 bighas in 1910 to about 15,000 bighas 
in 1913. Investigation of this disease yielded no results, and it was 
found that none of the insects, fungi, or bacteria associated with the 
affected plants •were responsible for the trouble. For the nionient, 
science seemed entii'ely at a loss in suggesting any practicable means 
by which the final extinction of the indigo industry could be 
prevented. In reality, however, the position was in no respoct 
hopeless. Examination of the affected crop showed that the leaf- 
fail and wilt were connected with the destruction of the active 
root-system of the plant, including the nodules, as a result of 
interference with the air-supply of the roots brought about by a 
constantly wet condition of the soil during the long monsoon phase. 
!rhe wilt disease was found to be the last stage in starvation caused by 
the cutting off of the supply of one of the essential raw materials — 
air — needed by the roots and root-nodules. Evidently the line of 
attack lay in the. direction of increasing the air-su})ply in the soil and in 
assisting the plant to withstand the constantly moist soil conditions 
which set in during the monsoon. This was done by improving 
the methods of cultivation during the hot weather and by the 
provision of surface drainage, by whicli each field was cut off from 
the lun-off of other areas by a suitable arrangemejit of treiuhes. 
The problem of the seetl supply was solved by August soivings on 
high-lying, well-drained fields. In this manner, tlie plants were 
able to withstand the wet soil conditions of the second half of the 
monsoon without injury and to yield fine crops of excellent seed. 
The yield of dye was materially increased by thorough cultivation 
in the hot weather combined with surface drainage. The history 
of the indigo disease in Bihar furnishes a very good example of the 
necessity of a broad outlook in dealiiig with diseases of crops and 
for regarding the plant as a complex factory in which injury to any 
one parti often aipsets the whole machinery. 

(3) The creati^. oj improved varieties. In the development 
of an industry like the manufacture of cotton cloth from the raw 
material, there is, -as is well known, a constant substitution of the 
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p.YiHt.ing machinery by improved types and the scrapping of old 
plant is continually taking place. In like marner ki agricultural 
development, the substitution of existing varieties by improved 
forms is constantly being carried out, and in many European (;rops 
the varieties grown a hundred years ago have almost disappeared. 
In crop-production, as in cotton factories, the size of tlie se.rap-heap 
is one of the indications of the rate of progress. The cieatoi- of 
now varieties of plants must obviously be even better fitted for his 
task* than the engineer who improves spinning anti weaving 
machinery. In a cotton factory, improvement can be made in detail- 
whereas, in the plant, the whole factory must be replactid by a new 
one and the variety changed. To develop an im])roved variety and 
to utilize botanical science to the best advantage, it is clear t hat the 
problem to be attacked must first be undcirstood in all its bearings. 
We require to know by experience the general agric.ultural contlitions 
of the tra(;t in wlii^-h the inipi'oved variety is to be grown, the kinds 
at inesent cultivated, the. directions in which improvements are 
possible, .iud uliere the greatest economic advantage (;an be obtained. 
In other words, the ]>roblem must be simultaneously <!onsidered 
both from the standjioint of the cultivator and fiom the point of 
view of the trade. An understanding of the needs of the crop and a 
knowledge t)f systematy and genetics must be combined with the 
^nsight of the inventor. In such work, no possible scientific method 
( an succeed without the intuition of the breed(ji-. Any attempt to 
measure or record the (diaracters of large numbers of plants and to 
obtain the final selections by a scientific system of marks is hopeless, 
as the investigator would be speedily swaniped by the volume of 
his material. The insight of the breeder is necessarv for the work 
and the judgment, which comes by pi actire, in the rapid summing 
up of essentials by eye is far more useful than tht( most caiefuUy 
compiled records or any system of score cards. The successful plant 
breeder is to a large extent born and not made as js proved by the 
fact that without the aid of science great advances have been made 
i n the breeding of stock, cereals, and in various branches of horti- 
culture. Science helps the born breeder by providing him with 
new and better instruments and, by bringing knowledge to bear 
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from many eides, it accelerates the output and lightens the work 
in a multitude of ways. 

In the limits of this paper, an attempt has been made to indi- 
cate the class of problems in plant-production which await solution if 
progress in apiculture is to be obtained by the aid of botanical science. 
These problems are not simple, and often cannot be solved by the 
ordinary methods of academic research. Many of them can, however, 
be dealt with successfully if attacked simultaneously from seveml 
.standpoints provided always that the investigators themselves are 
fully qualified for the work. As far as crops are concerned, progress 
can best be made by botanists, well grounded in pure science, who, 
at the same time, possess Sufficient aptitude to master agriculture 
as an art and who also have the type of mind to be found in 
the successful inventor. In this direction, the field of work in the 
Empire is almost unlimited and the great universities, by helping 
to train the investigators of the coming generation, have a truly 
imperial task to perform. Failure on the part of individuals will 
occur in the future as in the past, but one great cause of want of 
success will be removed if the all-importancc of agriculture as an 
art in the equipment of the next generation of experiment station 
workers is recognized by all concerned. The State can do much 
in these matters by a practical recognition of the principle tliat 
the labourer is worthy of his hire and that the man, who makes 
tAvo blades of grass gi'ow where one grew before, deserves well of 
his country^, and must be promptly and adequately remunerated. 



IMPORTANCE OP SOIL- AERATION IN FORESTRY 


BY 

K. 8. HOLK, F.L.S., F.E.8., 

Forest Jioluniat, 


Forest otiicrrs have loii/j; realized the import. iiiee of soil- 
aeration in Forestry in so far as this is (jomioted by siieh general 
expressions as “ t he pJiysical condition of tliesoil/' water-logging/' 
and so forth. Tlie ivspect of this question dealt with in tJie present 
[)apei‘, liowever, is one whicdi. has not yet attracted the attention 
it deserN es, riz,, ilxe damage that may be done to the seedlings of our 
forest trees by insiif}i<*ient soil-aeration when thej^hysical condition 
of tlie soil is apparently suitable for growtli and when the soil, 
although moist, is far from being saturated witli water. The 
results noted in tliis paper refer, it is true, to a single species only, 
riz,, the d<d tree, Shorea wbasla, but it is believed that they will be 
found to apply to a number of other species. 

The seedling reproduction of sal in our Indian forests is by Jio 
means satisfactory. In many forests wliere conditions seem favour- 
able no seedlings exist, and in others the seedlings die back for 
several years. Plate 1, fiig. 1 shows examples of ml seedlings wliich 
have died back for several years and whichare typical of the majojity 
of those found in the protected forests of Northern India. Note the 
thickened rootstocks and comparatively feeble slioot development. 
This dying back is usually considered to be due to drought . The 
whole plant liere dies annually with the exception of the stout 
portion just below the ground level which peisists and gradually in- 
creases in size and length until finally a persistent aerial shoot is also 
developed. This delay in the establishment of seedlings interferes 
with the economic management of our forests and entails a financial 

( 27 ) I 
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sacrifice in the loss of several years’ increment. Drought, however^ 
obviously cannot explain wJiy seedlings frequently die wholesale 
during the rains nor why the dying-back is frequently more marked 
in the nioist soil of the shady I'mest than in the drier soil in the open. 

The following results dealing with Liie causes of the death and 
dying-back of sal seedlings have now been established by work 
recently carried out at Dehra Dun ; — 

(1) Seedlings grown under favoiu’able conditions of soil and 

moisture in the Dehra garden do not, as a rule, ^ie 
back. A few weakly individuals do die back, but the 
majority produce vigoroius shoots which persist from 
the first and attr.in an average height of 13" in one 
year and 26" in two years. 

Plate i, fig. 2 shows sucli seedlings one year old and also 
some weakly plants of tbe same age which have died 
l)ack. These vigorous garden plants indicated the 
dev 'opnient which was possible under the loc.al cJimatic 
coiulitions and the chief object of the present woik 
was to attain or approach this ideal in the local forests. 

(2) An experiment carried out in the Dehra garden, iji 11)13, 

showed that, if rain water was allowed to ac.cumulate 
in non-porous pots, in which tlie basal drainage Iioles 
■ were tightly (iorked, and w'liicdi weie tilled with the 
local s(d-forest soil, the latter was soon rendered 
entirely unsuitable for the growth of sfil seedlings, 
although it was by no means saturated with water. 

It was found that, under these conditions, 100 per cent, 
of sal seedlings were either killed oi- had their loots 
extensively rotted when the water-free air-space in 
contact with their roots was maintained at 450 c. ins. 
per c. ft. of soil, or less, for a period of 6 weeks, while 
seedlings in the same soil, in similar pots, but which 
were uncorked, ^ remained healthy. This experiment 
was repeated in 1916 with practically the same results. 
Plate II sliows the appearance of the seedlings in tliese 
pots in September 1915. Note the healthy plants 







Photograph taken 20th September 1915, sho\Wng Sal seedlings growing in Sal forest loam. Note the healthy growth in the uncorked pots 7 and 9 

as compared with that in pots 6 and 8 whicli were corked on 30th July 1915. 
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in the luuiorked pots 7 aad 9 as compared vrith those 
in the corked pots 6 and 8, 

This strongly injurious effect on $ar#e[ecllings of a con- 
stantly moist condition in loam was also obtained in an 
earlier experiment in which good basal drainage was pro- 
vided, but in which the soil was kept constantly moist 
by merely diminishing theovaporation from the surface. 

(3) Sowings in 1912-13 in sample plots in the shade of the 
local sal forests and on similar soil in the open outside 
the forests, respectively, resulted at the end of the 
first rains in 7 per cent, and 37 pei’ cent., respectively, 
of healthy plants, calculated on the number of seeds 
sown. Similar sowings in the following year resulted in 
17 per cent, and 86 per cent., respoetivoly. of Jiealtliy 
plants. In these experiments the deatli of the large 
number of seedlings in the shade was preceded by more 
or l<‘ss extensive rotting of the root. During the rains 
of 1912 the surface soil of the shade plots did not con- 
tain more than 400 c. ins. of water-free air-space per 
c. ft. of soil, whereas the soil of the open plots contained 
considerably less water and more water-free air-space. 
It will also be seen that, in the shade plots, the water- 
free air-space was actually less than has been proved 
to be highly injurious in the same soil in non-porous 
pots. In the dry season followiilg the rains of 1912 
more seedlings died of drought, during the months of 
least rainfall, in the shade than in the open plots. 
This was explained by the ftict that, although there 
was practically no difierence in the soil-water-content 
of the open and shade plots, res^otively, at a depth 
of 3-9* during this period, the roots in the shade had 
attained, by May 1913, an average length of 6* only, 
as against an average length of 18* In th^ open. The • 
plants in the open, theWore, having their roots in 
the deeper moister soil layers were comparatively 
safe from damage by ^bpought, , * 
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, ■ III, fig. I shows a typical shade plot at the close 

olflde i^^eriment in July 1916. Notice the absence 
of ^^opOUBlteedlings in the seed-bed. Plate III, fig. 2, 
op the other hand, shows one of the open plots in the 
same nionth:; Note the numerous healthy plants. 

(4) Sowings, in 1913, in large pots filled, some with clean sand 
alone and others with a mixture of clean sand and 
dead sal leaves, which were sunk in one of the shade 
plots of the previous experiment resulted in a percent- 
age of 82 healthy plants at the close of the first rains, as 
compared with 62 per cent, obtained in tlxe adjacent soil 
from which the dead leaves and hiirnus had been 
cleared for two years and 16 per cent, obtained in the 
same soil with which dead sfd leaves had been mixed. 
The root development in the sand was also materially 
better than that in the adjacent soil. As the plants, 
in this experiment, were exposed to practically identical 
conditions of Hght, temperature, and air-humidity, 
this indicates that the unsatisfactory development of 
seedlings in the shady forest is primarily due to a soil 
factor and not to deficient light', unsuitable air- 
temperature, oT' air-humidity ; also that the injurious 
effect is increased by an admixture of dead sal lea%'es 
with the forest soil and is inoperative in a well drained 
sand even when dead sai leaves are mixed with it. 
Other experiments have indicated that the effect of 
this soil factor is progressively diminished by repeated 
working of the soil coupled with removal of the humus. 
With reference to the chief object of the present work, viz., 
the establishment of vigorous seedlings in the local forests, the 
experiments detailed above indicated : — 

(1) that an injurious soil factor was chiefly responsible for the 
unsatisfactory seedling development by causiug high 
mortality during the rains and subsequently a high 
{^m^tage of deaths from drought owing to poor root 
ihi^iGdolDanent : 




Forest shade plot XI. Photograph taken 20th July 191o, Forest plot VIII, in the open. Photograph taken 20th July 1915 

2 years after sowing. Note the absence of vigorous seedlings in Note the numerous healthy 2-years-old seedlings surviving ii 

the seed-bed. ^ 
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tli4i tfau ^ be }>iilV ^ oi 

It probable, ^eroft^'^^j^ 

and ml ^eely to sua an4 air 

aupoewiul growl^, prorvi^ tbiit.%e.vM; 
'iRi^|i|(^oienil^ small to ensnre tbe }i|^t'«ipe-4ukde necetaa^! 
In jTqrilieipfftBdia ft* proteetk^nfroiift In 

ad;}aoent, sami^pi^ were s^eel^llt aji07tion of tbs’ Di^ra focests 
where towings in the previoas yeair had |dTea uniati^tKst^ |roi#Sv 

Above ime plot, the overhead coyer wne^tiroly femoye*^ befcii!^ 
sowing, by lelHiig all trees above and in the immecQate- heiil^bbiB^ 
hood of the plot, the totd cleai^ e^ace hayi^ a ^antmter of 
60 ft. or a little less than the height of "the, surrounding " & 

the adjacent , shade plot the cover was'i^t At ^ *^se of 

two years, the percentage of healthy plants in the aWded anlf '^eared 
plot, respectively, was $i and 68i the pero^n?6i^ jfoiving 

plants which hftJ not died baeh 1vas.,|Aahd ^ wldhf. :^^ 
height of the plants was 6' and ^2*4^ rej^peotivmy. f^ that 
the ground was worked and dead leaves repioved for two y^^in sue-,: 
cession was responsible for the results in the shade bei^oot^deraWy 
better than iwual, but there can be no x^uestion as to the marked 
superiority of the open plot. In the clksared plot ahjo, takipg only 
the 4 best plants (which would be sufficient to stock the area, of the 
plot, viz., 18' X 3'), their average jteight waft 30}*" which fairly closely 
approaches the ideal seedling development for the local jty which 
was noted at the beginning <d this ,36'. 

Plate IV, fig. 1 shows the shade plot Plate IV, fig. $ fhe • 
cleared plot at the cloBe of thw.m^nment im duly 1615. 

The conditbnB necessary Imr the SttOcea^ growth of sal seed* 
lings, therefore, may. be sai^^toltaye been determined as follows : — 

( 1 ) a well aerated seedd>ed free of raw limnuft 1 • 

(2) full ©veaiiead ; , n 

(3) l^^t; 

abd fib JceOp in the d^ : 

As reguds the identity , of the usurious 
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by ^teaeat, 

bad Boil- 

'" Jp tO'de^^\'i^;’!C^e exactly or 

^,yt^li0ate' ^ vt^if'good aera^b^^l^i^lerB it imio* 

cuai^. ^wevert is (ilear, viz.,, tbsit tKe inj]i|rious action 

is due merid^iio an excess water in the neighbcK^hobd of the 
roots. This has l^ki pravtjd by a water-culture expet^raent carried 
out at Dehra Dun durii^ last rams, in which the injurious factor was 
found to be practically inoperative. In this case, after 76—78 days 
in the water-oidture, only 8 per cent, of the aal seedlings died and the 
average length of healthy root in- the surviving plants was 6*9."' A 
simultanepus culture in b^^ aerated soil for a period of only 67 
!^i|ys |Mult^ in 93 per cent.' of deaths and an average lei^h of 
healthy root of 1" only. Plate V, fig. 1 shows the appearance of the 
seedKngs after 76—78 days in the water-culture and Plate V, fig. 2 
shows the rOot-development of 6 typical specimens. 

Other factors possibly coiwerned are the lack of sufficient 
oxygen for root respiration and the production and aooumulation 
in injurious quantities in the soil of one or more substances which 
are directly poisonous to the roots. Further work is required to 
determine the r^tive importance of these factors. In the meantime, 
however, it is inheresting to note that Mr. C. M. Hutchinsori, linperial 
Agricultural Bacteriologist at Pusa, who kindly examined samples 
of the soils from the corked pots mentioned in the above experi- 
ments, has found bacterio-toxins in all of them. These toxins are 
i^ i d to be capable of inhibiting nitrification and of directly injuring 


' In eonclusioiw it may be noted that the accurate identifica-, 
tion 4^ this soil'factor is important for Indian Forestry, nqt only 
on account of its effect on seedlings, but also because of its possible 
action bn older tp^. 13iere is reason to believe, for example, that, 
in fhe wet sol forests of Assam and the Bengal Duars which enjoy 
tu^ umijud ra 200", the intensity of this injurious factor 

i^teases with the a^ Oi forest and materially 
dflbots the hei^!ilii‘bf the older trees— piMsibly preparing the way for 


- -Ji • 

^ injurious soil iongi and ic^er .parasites. 
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Pholui^raph taken 11{\\ OctoluT 1915, showing 12 Sal seiuJlings which hav<' been ijrown con- 
tinuoijsjy in a \val(T-eulliire sojnlioM for a period of 75 (in the case of four plants on the riglit ) 
to 7« (l.r>'s (in th«.' ease , I <S plants on the left.) 
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Photograph taken 27th October 1915, showing the root-development of 6 Sal seedlings which 
have been grown continuously in a water-culture solution for 78 days, in the case of the 4 plants on 
(he left, and for 75 days, in the case of the* 2 smaller plants on the right. 





TH?1, RB-AUGNMENT OF AGRICULTURAL 
HOLDINGS. 

BV 

B. C. BURT, B. Sc, 

, DBpuiy Dini^tor nf Agricidtnvp^ Central Circlp^ Cawapor^. 

* t 

Mo, ST countries with a large peasant popnl^ion have found it 
necessary at some time or otlier to intrqduoe legislation for the 
rc-alignment of holdings to enable the avoidable iaufk^io be more 
eopnomioally and efficiently cultivated. !$he fobjijot has "been, 
ventilated from time to time in India but little has been done. It id ' 
true that the w astc of irrigatk>n water, cau-sed by the present hap- 
hazard system, has often been insisted upon, and.in tl® Punjab care 
has been taken to avoid this on the great new caiifl^ systems. Nea^, 
Poona in the Bombay Presidency the Irrigation Department is now; 
(jugaged on the squaring up of fields and the drafting erf rules to enable 
greater economy of distribution to be effected on the small, but 
important, canal systems which are chiefly, used for sugarcane. 
Clenerally speaking, however, the advocate of re-striping is lookerl 
upon as an impatient idealist whose methodical soul is vexed by the 
present irregular field boundaries. 

It has to be admitted that there are great practical obstacles 
in the way. The present land tenure system of the United Provinces, 
e, specially in that portion which comes under the Agra Tenanej'’ Act, 
makes it exceedingly difficult to alter field boundaries without 
infi'inging vested interests. An occupancy tenant possesses culti- 
vating rights in a definituplot of land,* which may be only a fraction 
of an acre in area, ^d.iiot only can he not be dispossessed, but there 
is no le^l way in which 'his occupancy rights can be purchased from 

{ »? f 
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him except in those crises where laud is acquired by Government. 
Xor is the ownership of land any more simple. Many villages are 
now' owned by a number of petty zamindars wdiose land is scattered 
in different parts of the village, so that any arrangement for general 
betterment by consent is practically impossible. It is obvious, 
therefore, that progress in this direction could only be made with 
the aid of special legislation. 

The natural obstacles being what they are it is essential to show' 
that the economic benefits to be derived from re-striping ate such 
as to justify the necessary measures. It may be noted, however, 
in passing, that the present situation is largely the result of legis- 
lation undertaken within the last fifty years. The whole of the 
Indian land tenure, system is based on the assumption that 
all land is the property of the state. The present system of 
landlords, wdth the private ownership of land, is a comparatively 
recent creation foUowdng on British rule and based on English 
analogies. Introduced as it was to save the agriculture of the 
country from the evils of the system of farming out blocks of land 
to contractors for the collection of revenue, it has largely justified 
itself, and the same may be said to be true of the tenancy laws w'hich 
were introduced to further protect the tenant. It is only natural, 
however, that legislation introduced to meet pressing pohtical needs 
should fail to take account of the effect on subsequent economhi 
development. Should it be found that the tenancy laws in their 
present form are creating a new evil by checking economic develo])- 
ment a strong case for their further modification would exist. 

The present scattering of parts of a holding in different parts 
of the village, which is perhaps one of the first things which strikes 
the student accustomed to the compact farms of the west, is largely 
a result of the existing scheme of village life. Instead of each tenant 
residing on his holding it is usual to find all living in a central hasti, 
even if it involves journeys of two or three miles for himself and 
his cattle. The system is wasteful of labour and cattle power and 
also of manure but has certain advantages. It doubtless arose when 
the mutual protection of life and property was more essential than 
at present, but it is unlikely that the present social organization 
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wiil be greatly disturbed in near future, thod^h 
, not wanting of a steady tendency to form smaller sul)-village8 nearer 
to the fields. While it is doubtless of some a^lvan^e to th|i. indi- 
vidual tenant to have his holding spread dW the different classes of 
available land, the system suffers from the disadvantage that them 
is less oneouragement for a cultivator to concentrate attontioiii on 
handling one class of soil adequately. Were this/howeve^;, the 
only point to be gained by the re-aligmnent of holdings one would 
be inoliiw'd to allow it to come about gradually' as the j'esult of 
changing social an<l economic conditions. 

The gi'eatest disadvantage of the present system, howevei", is 
that it prevents an/ tract of land from being treated as a whole and 
general measures laken for its improvement. The greatest limiting 
factor in Indian agriculture is undoubtedly the water-supply, and 
it is extremely difficult to take st^ps to improve existing conditions 
with the present system of holdings. In canal-irrigated tracts the 
ai'«'a irrigate*! is almost invariably much less than the area 
comni!, tided In th<* canal. The main great irrigation sources of 
the ProA ince have already been harnessetl and further development 
must either take the lorm of better economy in the use of the 
existing sources or the exploitation of schemes involving greater 
working cost and often higher capital expenditure and, therefore, 
more expensive nater. It. is commonly accepted that, fi’oin 
the great canals only about one-third of the water Teaches the 
Held, and that while some margin exists for. the reduction of the 
amount of water actually applied the main losses occur in the canal 
channels and in the subsidiary village channels -which share the 
loss fairly equally. Tlie prevention of Ipss by seepage from tianal 
channels is beyond the scope of the present paper, but it may be 
noted in passing that any radical measures in this direction must 
involve additional capital outlay and, therefore, either a rise in the 
canal rates or better utilization of the water. The loss in village 
channels is to a great extent avoidable. At .present t^e village 
water courses follow field boundaries and are con^quently uim^ss- 
sarily long and tortuous and often undesirably aligned as regards 
levels. While steady improvement in this direction, is being sfieoted 
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through the' influence ef irrigation officers many of the worst cases 
cannot be touched. Nor is the situation appreciably better in 
tracts which clbpend on wells for their irrigation. The channels 
from these a^so are often unnecessarily long and devious, and the 
scattered ownership of the small fields often puts obstacles in the 
way of the construction of much needed wells.. With more compact 
and better aligned holdings there would be a greater incentive to 
the construction of larger wells (or of tube wells) enabling a larger 
area to be irrigated with less labour. Recent experiments seem to 
indicate that there is a great future for the employment of oil 
engines and pumps both on the best masonry wells and on tube 
wells, but with Jioldings in their present form, economical distri- 
bution of the wa+er is difficult and in many cases s^ many small 
interests are involved that it would be difficult to meet them afl- 

It would be easy to cite many other instances of indirect dis- 
advantages for which irregular field boundaries are responsible, e.rj., 
the absence of decent roadways to give access to the fields, 
difficulties as regards threshing floors and the carriage of produce and 
manure, but it is sufficient to say here that they all share one feature, 
viz., tliat, except in the case of works undertaken by Government, 
armed with the powers of the Land Acquisition Act, progress is 
almost impossible under present conditions. 

It is now proposed to consider the effect of present conditions 
on the actual cultivation of the land. The maintenance of correct 
levels in a field during aU processes of cultivation is recognized in 
most countries as one of the essentia’s of good farming. In the 
Gangetic plain, with an exceptionally easily worked soil, the results 
of carelessness in this direction are not so readily noticeable, but, 
on the other hand, the nature of the climate — characterized by 
heavy falls of rain confined to certain periods of the year and that 
(in the case of cold weather crops) not the growing season — makes 
the conservation of rain-water and its correct distribution on the 
land of vitaHmpoita ice. It being almost impossible to correctly 
plough a small irregular field, it is not surprising that most culti- 
vators’ fields show bad patches which are frequently due to nothing 
more than faulty levels. The lower patches are water-logged during 
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the monsoon while the higher patches dry out too quickly in the 
cold weather. Even the best cultivators’ fields ^re frequently 
saucer-shaped, with the result that there is water-logging in the 
centre and consequently a poor crop. When any form of iron 
plough is used to improve the general cultivation, the difficulties 
are accentuated as the deeper and more thorough the cultivation, 
the greater the necessity for the maintenance of correct levels. 
.Simple as it may seem, there are few agricultural officers wlio have 
not been confronted with this cause of loss of yield at some time or 
another. The e.xplanation as to why even comparatively slight 
and temporary lo(;al water-logging causes serious loss is probably 
to be found in the fact that successful cultivation in the plains of 
India largely depends on the maintenance of a suitable environment 
for nitrogen-fixing and nitrifying organisms during the monsoon 
period. Local water-logging during the monsoon, producing tempo- 
rarily anaerobic, conditions, causes a lo.«s of available niti'ogcn and 
hence a diminislied crop. The experiments carried out by Mr. and 
Mis. H Dward !i.t Pusa show that not only does the wheat crop on 
water-logged land yield far less than on properly drained land, but 
that the result (!an be partially remedied -but at addit ional cost -- 
by the application of nitrates. Generally it may be said that the 
jiresent small and irregular fields common in many parts of this 
province seriously militate against the adequate conservjjition of soil 
moisture and the maintenance of fertility and, therefore, cause dii ^ct 
loss of produce. Further, they discourage the introduction of the 
more expensive improved ploughs and cultivating implements as it is 
difficult to work these to advantage in small irregular fields, 
whereas if the fields were decently alignecf there is rciivson to believe 
that joint ownership of such implements would be practicable. 

In no direction, however, is the need for the re-striping of hold- 
ings more clearly seen than in the problems of checking erosion and 
effecting adequate drainage. The question has been fully dealt with 
by Howard* so that it is sufficient here to deal with it8«maiu aspects 
only. We are so accustomed to think of the plaifis of India as flat 

^ Howard, A. Soil Krofiiun anti Suriacc Draiiia^^e. Jiullptin No, 5.1 of th-c Agricultural 
lic-itvarch Itutiiutef 1*U4U, 
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that we arc apt to overlook irregularities which, small as they are 
compared to t;h® hill systems of other countries, are sufficient to be 
of a great importance in a country of heavy rainfall. As is pointed 
out by Howard comparatively gentle slopes are sufficient to allow 
large quantities of the finer particles to be removed from the higher 
lands to the dower with the result that the .physical texture of both 
deteriorates. The high lands are annually denuded of their finer 
particles and the fertility and moisture-retaining capacity adversely 
affected. The low lands, constantly receiving the run-off from the 
high, are annually receiving unneeded additions of fine silt thus 
becoming heavier and less workable and in addition receive an 
excess of water preventing adequate cultivation in the rains and 
causing a direct, loss of fertility. Figures are published in the 
Cawnpore Farm Report for 1915 which show that the introduction 
of suitable catch drains on an area of this type has made it possible 
to raise a normal good crop of wheat on land that a few years ago 
Jiad to be thrown out of wheat (niltivation on account of the water- 
logging that took place in the rains. On a larger scale the recently 
opened Kalianpur Farm provides an example of a piece of land, 
previously only barely culturable, which lias been converted into 
a good farm by proper" terracing an<l (correct laying out ; the capital 
value of the land, as judged by its yielding capacity, has trebled 
in about $ years. Operations of this nature, how'ever, require 
control over a considerable area, (liven this control it would not 
be difficult, nor unduly expensive, after a proper survey to lay out 
most villages with proper drains and banks to stop erosion and 
prevent water-logging of the low areas, providing suitable roads, 
footpaths and proper irrigation channels. At Kalianpur indeed it 
was found possible to make the channels serve the double purpose 
of catch drains and irrigation channels. Under present conditions, 
however, it is impossible to carry out alterations of this kind unless 
the land is the property of Govermnent or, in rare (jases, of a single 
individual. ' 

Finally, in tife case of one crop at least, the present lay-out of 
the average village hampers etsonomic development and prevents 
the cultivator from getting^a fair price for his produce. There are 
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many tracts in this province where the grower would willingly sell 
his sugarcane to a factory at prices more favourable to the factoiy 
than obtainable in most caue-growing countries. But the small 
scattered holdings often make the transport problem insuperable 
although sufficient cane is already grown within a reasonable radius 
and more would be grown if a factory could be started. As a 
result the cane grown is not economically utilized and extension 
of cane cultivation is checked. In the writer s opinion the present 
tenancy system has » great deal to do with the conjparative shyness 
of capital for enterprises of this natiu’e. 

It is realized that drastic, legislation such as would be necessary 
to permit of the le-stripiug of holdings requires a strong public 
opinion to support it, and it is, therefore, suggested that the first 
step would be to acquire a few villages in different parts of the 
Pj’ovince, carry out the neiessary alteration, and re-let the new 
holdings to tlie original tenants as nearly as possible, .^n object 
lesson of this Lind would soon (ionvitice the land-owning classes of 
the need for general nicasures and, pending legislatioji, some of them 
might be able to assist in carrying «nit partial schemes in then own 
property. 

If any excuse is needed for bringing before a scfience cougi'ess 
a matter of purely economic importance it seems sufficient to say 
that the existing land tenure system of this Province imposes a 
limiting factor on the ai)plication of scientific method to agiic.ul- 
tural improveinent. 



SCIENTIFIC METHODS IN AGRICULTURAL 
EXPERIMENTS. 

BT 

A. C. DOBBS, 

DejnUy Director of Agriculture, Bihar awl Oriaaa. 


Having had occasion recently to collate the results of a large 
number of field experiments conducted thi'oughout India and having 
had some difficulty in drawii^ anything but vague general conclu- 
sions from them, it occurred to the writer that a plea for more 
scientific planning and execution of such experiments might not be 
out of place. 

The Rothamsted experiments seem to have been taken perhaps 
too much as a model on which experiments in India should be planned 
rathen than as supplying a basis of information to be utilized in 
devising experiments more particularly suited to Indian conditions. 

The informalion provided by the Rothamsted experiments 
is of two kinds, relating, firstly, to the reaction of the Rothamsted 
soil, and of the crops grown there to different manurial applications, 
and, secondly, to the wider subject of field experiments generally. 

Little need be said about the first of these aspects except as 
regards certain limitations to the direct application of the results 
to conditions other than those under which the experiments were 
tried. 

These results have proved that the application of manures 
containing nitrogen and the elements found in plant ashes, in 
quantities of the .order of magnitude in which these elements are 
removed in crops, has a marked influence direct or indirect on the 
production of crops. 


'( • 40 ) 
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They have shown also that by a continued application of a 
manure complete in all but one of the important aslj elements, the 
productive capacity even of land that contains enormous reserves 
of that one element may, by the removal of the crops grown, be 
reduced, in a comparatively small number of years, to very muoli 
below normal. And they have shown how rapidly nitrogen may 
be accumulateil by the g)'o\vth of leguminous crops, provided that 
a moderate supply of these ash elements in a soluble condition is 
maintained. 

But while a foundation for local investigations has thus been 
provided, in the principle of supplementing the weakest links in the 
chain of (ihemical elements on which fertility depends, by a supply of 
the deficient elements in a soluble form, noattcni])t has been made 
at llothamsted even to illustrate by local example, the solution of 
what must always be a local economic, problem — that of adapting 
agricultural practice so as economically to extract from the insoluble 
reserves in the soil, and maintain in a relatively available form, 
sufficient propoitions of the principal elements required by (;rops. 

The cropping of Rotharnsted has been purposely exhaustive, 
and manures have been freely supplied from outside ; no attempt 
has been made to make the most ec-onomical use of the reserves of 
plant food existing in the soil, the full utilization of which must 
always be, in greater or less degirce, an object of f.gricultural 
practice. 

- The importance of this point is shown l>y the rapidity with 
which the available potash was exhausted at Rothanisted, on a 
plot which received a manure containing all the other essential 
elements of plant food ; and this, although the soil when completely 
broken down by hydrofluoric; acid, was found to (iontaiu over 
per cent, of potash. Mr. Taylor at labour has similarly found 
over 6 per cent, of potash (over 8 tons, per inch depth, per acre) in 
a soil from Ranchi -where, nevertheless, ashes form om; of the 
chief manures. ^ • 

Now India is a poor country, and cultivators cannot afford 
to import over the long distances into the interior, any gi,eat quantity 
of heavy manures ; or to use, as manure, what might otherwise’ be 
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These results, depending chiefly on avoidable or unavoidable 
physical differences between the plots, are, of course, not quantita- 
tively applicable to conditions other than those under which they 
were obtained. But the principle is of greater importance in pro- 
portion as the effective control of the experimental area is less, and 
is probably therefore more important under the conditions obtaining 
on most experimental farms in India than it is at Rothamsted 
where minor variations in the soil are less accentuated by extremes 
of rainfall or drought, and where the work was laid out on land 
carefully selected for uniformity in the light of a previous known 
history. 

Yet on' how many farms in India arc even the five plots 
recommended by Hall and Mercer considered necessary for eac-h 
<!omparison ; and, where only two, or at most three plots are used, 
what results worth having can be obtained in the limited number 
of years over which a consistent policy can usually be maintained ? 

t 

Acting on the principles that have been emphasized, the winter 
made an attempt during the last monsoon to throw some light on 
the manurial problems of Chota Nagpur, where immediate results 
were required to supply an existing organization with material for 
propaganda. 

The conditions were unfavourable, the farm at Ranchi was 
started in May 1915, the land being then uncultivated. The best 
land that could be selected was not by any means uniform, as it 
was interaected by low terraces and was being carted over by 
building contractors. Inequalities had to be ignored ; carting was 
stopped ; and six acres were divided by low ridges at right angles 
into GO plots, each 40 links wide by 250 long. 

Analysis of the soil having shown a marked deficiency of lime 
and phosphoric acid, and only a trace of sulphur, it was decided to 
devote the whole 60 plots to quantitative tests of the effect bn 
groundnuts of lime, sulphur,, and bonemeal — ^the latter being used 
only because raw' mineral phosphates were unobtainable owing to 
freight difficulties. The general scheme was based on the division 
of the area into series of -plots for testing the different manures, 
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alone and in combination ; test and control plots being alternated 
throughout. In comparing the results, the weight of produce of 
each variant plot was compared with the sum of th(? weights from 
the control plots on either side of it. 

The details of the results, which will be published in the Farm 
report, are of no particular interest, except in the case of sulphur, 
to which reference has already been made. 

The effect of sulphur was quite phenomenal and w.)uld have 
needed no duplication of plots for its detection, even when only 
10 lb. per acre (costing 12 annas) was applied. Slaked lime, in aU 
quantities up to 5,600 lb. per acre, was also markedly beneficial. 

But the general cliaracter of the re.sult8 is best illastrated by 
those given by boneuieal. This manure gave, a inarkedly increased 
yield in each of .5 plots to which it was applied without lime, but when 
applied in addition to 4,000 lb. of slaked lime per acre it gave a 
l elatively much smaller increase in 6 out of 7 plots, and this increase 
had again to be discounted by a decrease of 2l» per cent, on the 
seventh plot — a discrepancy clearly due to ‘ experimental error,’ of 
the importaiK-e of which in this case it gives some idea. Jf the 
number of plots had been much smaller, either the significance of 
the results might have been overlooked, or the discrepamues might 
have led to their rejection as inconclusive. As it is, conclusions 
have been drawn which, while showing weak points in the original 
plan of the experiments,.have both enabled immediate recommenda- 
tions to be made to cultivators, and have provided a solid basi.- on 
which to plan a new set- of experiments for ne.xt year. 



TtiE IMPOBTANCE OP SOIL VENTILATION ON 
THE ALLUVIUM. 

BT 

ALBERT HOWARD, C.I.E., M.A., 

Imperial Seorumie Betaniet, Puvt. 

♦ 

I. Introduction. 

The dominant factor ‘in the internal economy of the Indian 
Empire is the monsoon. The well-being of the people, the commerce 
of the country and the revenue collected by Government all depend 
on the amount and distribution of the summer rainfall. It is not 
surprising, therefore, to find that the attention of the agricultural 
investigator in India tends to be concentrated on questions relating 
to the supply of water to crops. At the same time, the other factors 
on which yield depends are apt to be obscured and crop-production 
comes to be regarded almost entirely as a question of water-supply. 
After ten years’ observation of the crops grown on the Indo-Gangetic 
alluvium, during which a good deal of first-hand experience in agri- 
culture has been obtained at Pusa in Bihar, at Lyallpur in the 
Punjab, and at Quetta in Baluchistan, the conclusion has been reached 
that a full supply of air in the soil is quite as important as a suffi- 
ciency of water. While air is a necessary raw material for the roots 
df plants wherever they may be grown, efficient soil ventilation is 
found in practice to be particularly difficult on alluvial soils like 
those met with over large areas of the plains of India. Alluvial 
soils, Kim those of the valleys of the Ganges and Indus, pack very 
r y ^ily and always run tc^dther on the surface aftm heavy rain 
forming d weK-dpfined crust, well-known to any cidtivator as the 
ijttojSn. Two chief faetom ire requmsible for the fase with which 
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bmisis alter %&tsliDwets. and 'lose ihetb 
idtb^Eether alter long continued rain. In the first place, 
i^e ^i particles are small in size and exhiHt no vei^ great rat^e 
ifi ’^aineter and, in the second place, much ol the rain eomes in 
continuous torrents quite unlike anything e3q)erienced in 
tm^rate regions. 

Defective aeration of the soil, besides interfering with the 
respiration of the active cells of the root and of the soil bacteria, 
exercises a profound influence on the development of the root-system 
itself.* Where the subsoil is wet and consolidated and gaseous 
interchange between the soil and the atmosphere has been checked, 
crops are found to develop superficial roots only and are then parti- 
cularly liable to the harmful effects of droi^ht. To withstand any 
shortage of moistxire, to make the most of the brief growing season 
and to ripen the crop before the onset of the hot weather, the root- 
system of aH rain crops must be deep. In the Marif, long continued 
.and^heavy rain, by destroying the porosity of the soil and by thus 
interfering Avith the air supply to the roots and to the soil organisms, 
leads to a wilted, poverty-stricken condition of the crops and to a 
diminished yield. Such examples of damage to monsoon crops, 
caused by excessive rain interfering with aeration, were common 
in many parts of the United Provinces during the later phases of 
the 1915 monsoon. 

• . 

IL Some Examples op Soil Ventilation. 

Among the numerous instances observed of the effect of 
improved soil- ventilation on the growth of crops it will be suflScient 
to quote a few examples. 

1. The yeliowing of peach trees. As the summer progresses at 
Quetta, the foliage of many of the peach trees alters in colour and 
changes first to light-green and finally to yellow. Premature leaf- 
fail then takes place and, by the end of August, many of the branches 
are idmost bare of leaves. In addition to the, yeUoysmg of the 
fofiage, two other symptoms manifest themselves. Thl^ood gives 
off' Wge quantities of gum and the ripening fruit i8. <leficient in 
flavour. Peach trees affected in this way die out in two of thf^ 
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years, the process taking place in stages by the death of one or two 
large branches at a time. Investigation of the .trouble showed that 
this unhealthy condition was not caused by want of available 
nitr<^n in the soil and was not a real disease of the nature of the 
“ peach yellows ” of the United States. Buds taken from affected 
trees produced healthy plants and therefore the unhealthy condition 
was not transmitted in propagation. Yellowing was found to be 
reproduced at will, either by deep-planting or by over-irrigation. 
Any effective method of soil-aeration was found to transform affected 
trees into a healthy, vigorous condition in a single season. Yellowing 
and the premature death of the peach trees at Quetta was therefore 
found to be the result of defective aeration of the soil caused by 
excessive surface-flooding under arid conditions. The affected 
trees naturally carried a load of parasites such as scale insects and 
a certain number of fungi but with the resumption of healthy 
growth these pests gradually disappeared. 

2. Soil-aeration and green-manuring. The provision of seme 
cheap form of organic matter is one of the great needs of Indian 
agriculture at the present time. As is well known, the amount of 
manure available is small due to the fact that most of the cow-dung 
is burnt as fuel and almost all the bhusa is used for feeding cattle. As 
a rule, Indian soils are deficient in organic matter and the yield is 
limited by this factor. One theoretical method of making up the 
deficiency is by green-manuring but, in practice, difficulties arise. 

A considerable amount of attention has been paid to this subject 
in the Botanical Area at Pusa and the conditions necessary for the 
success of this operation have now been worked oixt. If a crop 
like sanai {Crotalaria junoea) is raised on the early monsoon rains 
and ploughed in during July, it is found that the texture of the soil 
is improved and, in a few cases on light land, the succeeding rabi 
crop benefits enormously by the addition of the organic matter 
left by the decay of the green crop. In the majority of Bihar soils, 
however, the^ results are not obtained and the rabi crops following 
green-manur^ at© much wbrse than those raised on ordinary 
fallowed land. As a rule, green-manuring leads to a diminished rabi 
crop although the proebra cesults in the addition of a considerable 
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njattw to the soil. After some years^ e^riment, 
V the factors on vrhich saooess in gt^en-manuriug 

’ are bonnw with the air-snpply in the soil. If the land 

& i^poe;^ained and, if provision is made so that each field is 
' prote(^<ed from the run-ofi of other areas by a suitable arrangement 
of trenches, the efiect of a green-manure crop is materially increased. 

. If, in addition, the land is subsoiled to a depth of twelve inches 
before the rabi crops are sown, still better results are obtained.' 
When broken tiles (thikra), at the rate of about 50 tons to the acre, 
are mixed with the upper six inches of soil, the results are exceedingly 
striking and a maximum crop can easily be obtained by green-manur- 
ing alone. 

The simplest explanation of these results appears to be connected 
with the part played by air in the soil. The soil is usually regarded 
as a mass of small particles, arranged in various ways according 
to the degree of consolidation, with free spaces between these bodies 
known collectively as the pore-space. Surrounding the solid 
particles are films of water of various thicknesses while the rest of 
the pore-space is taken up by the soil-air. The proportion of the 
pore-space fiUerl by water and air naturally varies with the general 
wetness or dryness of the soil. The closeness of packing of the 
solid particles varies greatly, after a crop is sown, as a result of 
consolidation by irrigation water or rain. In the water fUms round 
the particles, there is intense biological activity, numerous bacteria 
are rapidly reproducing themselves while the rdbt-hairs of the crop 
are competing with these soil organisms for water and inorganic 
food materials. All the protoplasm of these oi^anisms is actively 
respiring and, in consequence, there is, in the water films round the 
particles, a keen stru^le for oxygen and a great development of 
. carbon dioxide. Under such circumstances, it is easy to understand 
how it is that analyses of the general soQ-air often show a 
high prc^rtion of carbon dioxide and a comparatively low percent- 
age of oxygen. We must now consider what is* likeljt^4o happen 
if ^iis normal struggle for dissolved oxygen in the soil ^ween ther 
roots of the plant a^ the ami orgamsms is complicated by the sud^n 
addltibhwf a mceen cron like sami. In the first olaoe, the stewth 
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of the green crop itBell will naturally lead to a considerable ppilution 
of the soil atiposphere by carbon dioxide. As soon as it is ploughed 
in, decay begins and an enormous quantity of oxygen is used up in 
the process which is by no means complete when the sowing time 
of a rain crop comes round. The partly decayed organic matter 
adds a new. competitor in the struggle for oxygen. It is easy to 
understand how the remains of the green crop might easily use up 
the oxygen in the pore-spaces and load the soil atmosphere with 
carbon dioxide to such an extent as to poison the air dissolved in 
the water films. Oxygen starvation and carbonic acid poisoning 
would affect the plant and growth would be checked. If we improve 
the aeration by drainage and by adding thihra, the decay of the 
green crop would be hastened and the air-supply of the soil during 
the succeeding rabi crop would be increased to such an extent that 
oxygen would no longer be a limiting factor . 

The ‘nodules of leguminous plants. The copious aeration of 
the soil in which leguminous crops are grown is perhaps more’ira. 
portant than in any other class of cultivated plants. These crops 
require nitrogen for their nodules as well as oxygen for the respi- 
ration of the roots themselves. Once these facts are realized, 
it is easy to understand the distribution of leguminous crops 
in India and the agricultural processes in vogue in their 
cultivation. 

The distribution of the gram crop closely follows the occurrence 
of well-aerated soils. It is only grown under irrigation where the 
soil is particularly porous or where there is a well-drained and well- 
aerated subsoil as occurs in many parts of the Bombay Presidency . 
If an attempt is made to grow this plant in stiff, heavy land, such as 
the low-lying loams of North Bihar, the result is disa^rous. The 
plants only form roots near the surface and hardly any nodules are 
produced. The yield is scarcely more than the seed sown. Similar 
results are obtained under canal irrigation in the stiff loams in the 
Oanal Colonies of tiie Punjab and other tracts of India. Heavy rains 
during the ^old weather often destroy this crop simply by forming 
impervious surface-crusts and cutting off the supply of air to the 

nfvIlllAfl fLTu\ riVktiA. 
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In the growth of rahar {Cajmue indicus) in those tracts of India 
where the monsoon rainfall is heavy, the best results are obtained 
by d^ng the soil between the plants after the monsoon. Heavy 
rains consolidate the fine alluvium and the diggin g is necessary to 
restore aeration. In a similar maimer, the Java indigo crop will 
only form seed in Bihar when the copious aeration of the roots is 
provided for. The slightest interference with the air-supply soon 
makes itself manifest by leaf-fail and by the shedding of fiowers 
without setting seed. 

III. The Matueation op Ceops. 

Besides its influence on the actual growth of crops, the provision 
of an abundant air-supply appears to be bound up with the 
ripening processes and with the development of quality. 

In the case of the wheat crop, the best grown samples are 
always produced in tracts like the Meerut Division of the United 
Provinces or on the black soils of Central India, where the soils are 
naturally highly porous. In Bihar, Oudh, and in parts of the Punjab, 
where the natural porosity is not so great, the grain is always much 
thinner in appearance particularly in years when the rainfall is 
heavy during the ripening period. Unless the wheat roots get 
plenty of air during the process of maturation, the sample is always 
relatively poor. 

Anyone who has studied the peach tree and^has attempted to 
grow this fruit to perfection must have been impressed by the difference 
in quality of the same variety when the peach is grown on soils a 
little heavier than the normal. As is well-known, the peach thrives 
best on open abils and is particularly sensitive to any form of water- 
logging. Some years ago, the Botanical Section at Pusa achieved a 
local reputation on account of the excellence of the peaches grown 
there. The varieties were only country kinds but they were grown 
on high land containing a fair proportion of broken tiles [thikra). 
The soil was thus highly porous and the .roots obtained Abundance 
of air. The quality of the fruit was excellent compared with the 
produce of similar trees on land close by a little heavier in texture 
which contained no thikra. 
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soils in themselvbs are poor bat, when properly mannic^ and watere4^, 
thw porosity is so grpat that surface-flooding cainm. little or no 
dan'tage to*its texture. The roots of the vegetates and flowers 
, thus obtain abundant air and grow to perfection. Ihe v^tables 
have excellent taste while the flowers easily form a quantity of 
good teed. Here again the development of quality seemr to be 
closely associated with soil-aeration. 

A similar result is seen in tobacco growing in Bihar. The best 
tobacco is grown on high, light lands which have been manured with 
, indigo seeth. The mahajana pay more for such produce and several 
of the indigo factories have a reputation for their tobacco. Sedh 
is undoubtedly a most eflicient aerating agent and all the experience 
obtained at Pusa in the growth of the tobacco crop points to the 
supreme importance of soil-aeration in the ripening of this crop. 
Once more, quality appears to be closely bound up with the venti- 
lation of the soil which again appears to be of supreme importance 
in the process of maturation. 



THE DYEING VALUES OF SOME INDIGENOUS 
DYE-STUFFS* 

BY 

J. P. 8RTVA8TAVA, M. So. Tech., Assoc, MAT., 
Technological Chemint, Cawipore. 


I. 

inatural dye-stuffs are perhaps not as bad as they liave oome 
to be regarded since their displacement by coal-tar colours. India 
boasted of a comparatively well developed art of dyeing in the 
earliest stages of the historic period. The ancient Indian dyer 
could dye t-ome \'ery good colours with the help of oolourir^ matters 
derived from the natural and mineral kingdoms. Some of these 
colours were fast in every sense of the word and answered all the 
reqiiirements of the people for whom they were intended. This 
points to the possibility of valuable colouring matters lying jinknown 
or forgotten in the forests and jungles of this country. 

A large number of woods containing red and yellow colouring 
matters are still used even in Europe but all these are obtained 
from America. There are undoubtedly similar woods in this country 
but so far no systematic investigation * seems to have been 
made. ^ 

If Amerioa can find a market for so mhny dye-stuff extracts 
made freon woods and other natural products, surely we with our 
vast, varied, and plentiful natural rwouroes ought to have little 

' . . 
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. diffioolty in finding out and placing on the market simila^r 
products, t 

This question is of special importance at the present moment. 
The stoppage of the supply of German dye-stuffs has caused grave 
inconvenience in all colour-using industries. If Indian dye-stuffs 
had not been entirely discarded the distress would not have been 
BO acute. At least some part of the world’s requirements would 
have been met by the dye-stuffs indigenous to this country. 

Colouring matters are widely disseminated in the vegetable 
kingdom. Some one has said that any one who wishes to spin, dye 
and weave his own raw material at his own fireside need not go 
far afield for his colouring matters. 

Such is indeed the case in a great many places where cottage 
industries still flourish. In Donegal, famous for its homespun 
tweeds, the colouring matters used are still mostly derived from 
lichens and roots. The colouring matters of Donegal possess great 
fastness and beauty and their methods of application are alike 
novel and interesting. 

I visited Donegal in December 1909 and submitted to tlie 
Secretary of State for India a report on the subject of the cottage 
industries of the congested districts of Ireland. I have alluded 
in this report to the processes of dyeing used in Donegal. 

The, following investigation into the dyeing values of certain 
natural colouring matters still used by native dyers was undertaken 
under the orders of the Director of Industries, United Provinces. 

The colouring matters were tried on wool and cotton by some 
of the more important methods of modern dyeing. 

The methods employed were as follows : — 

, A. On Wool. 

(a) Dyed in an infusion of the colouring matter without the 
addition of any chemical or assistant to the dye-bath. 

(b) Dyed ih an infusion of the colouring matter' with the 
addition jof 4 per cent, acetic acid. 

(c) Dyed as in {h) and after-treated in the same bath with 
12 per cent, potaesipi^; bichromate. 
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{d) t)yed in an infusion of the odouring matter on wod which 

had been previously mordanted with biohrome and jcxalio acid. 

(e) Dyed in an infusion of the colouring matter on wod which 
had been previously mordanted with aluminium sulphate and 
tartar. 

B. On Cotton. 

The cotton was steeped overnight in a decoction of niyra- 
bdans, next morning it was taken out, squeezed and without 
washing worked in fresh baths containing the following : — 

(o) Tartar emetic. 

(b) Stannous chloride. 

(c) Alum. 

(d) Ferroxis sulphate. 

Generally speaking all the dye-stuffs described hereafter gave 
the most brilliant results on stannous chloride ; tartar emetic and 
alum coming after that. Ferrous sulphate, as might be expected, 
dydll grey to black shades. 

The inquiry has so far been prosecuted in regard to the following 
colouring matters : — 

(1) Harsinghak. {Nydantkes Arbor -tristis). 

The flowers of this tree contain a beautiful yellow colouring 
matter. The tree is found in abundance in the United Provinces 
and when in bloom yields large numbers of flowers which generally 
open at night and fall to the gi'ouud in the morning. The flowers 
are collected, dried, and afterwards sold to dyers. 

The colouring matter contained in the flowers is soluble in 
water, also in alcohol. An extract can therefore be easily made. 

Ho/rsinghar gives brilliant yellow shades with all mordants on 
wool. On wool mordanted with biohrome and oxalic acid previous 
to dyeing a beautiful brown is obtained. The dyeings on wool 
possess good fastness to milling with soap and soda. 

(2) Tun. {Ged/rda loom). * • 

This tree is said to occur largely in the sub-Hlmalayan forests. 
The colouring matter is contained in the flowers which are dried 
and sold. The principal constituent of the flowers is a yellow dye! 
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(8) Tasu OE Bhak. (Butea frcmdom). 

This treer is found in abundanoe all over the United Provinoes. 
Hie dye extracted from the flowers is stUl largely us^ by villagers 
for sprinhhi^ on their persons as a mark of festivity at Holi festival, 
about whieh time the tree is in full bloom. The dricid flowers* are, 
however, available throughout the year. The flowers contain a 
yellow colouring matter. 

Tern dyes on wool shades varying from brown to dull crimson 
according to the mordant used. 

The dyeings are fairly fast to milling. 

(4) Haldi or Turmeric. {Curcuma ^ 

The plant which yields haldi is grown afl over the Uhitetl 
Provinces. , Haidi is a dried rhizome or tuber and is a well-known 
constituent of curry powder. It is largely used as a spice and can 
lie had in any quantity in the bazar. It contains a brilliant yellow 
cc^iuing matter which however possesses the serious drawback of 
being changed intc red by soap or by alkalis. 

The colouring principle of haUi is called tmcwmin ; it is 
sparmgly soluble in cold water, more freely in hot water, and 
completdiy in alcohol. The use of turmeric paper in analytical 
chemistry is well known. Paper saturated with a jjolution of 
turmeric is changed to a reddish brown colour by alkalis ; while 
its reaction with boric acid is still more characteristic. Turmeric 
paper on being moistened with boric acid and dried becomes 
browmsh red which colour is changed to blue or green by oaustio soda. 

On wool the best shade is obtained on chrome mordant A(d). 
Hie fastness of the dyeings on wool is fair. 

o (8) AeuslA.^ {Adhatoda rnsica). 

The leuy^rp^ ^^his^^^t yield a yellow colour. Arusa is an 

in the United Provinces. Hbe 
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oruM ie soluble an wstex and also ip alcohol, 
li^ l^ves obtain a large amount of chloropbyl w%h is extracted 
a|c«^ With the yeUow ooloaring matter. The ohiorophyl consider- 
ably dulls the dyeings obtained with amaa^' The ytdlow dye was , 
separated by adding water to an alcoholic extract of the leaves. 
The ohiorophyl was thereby thrown out of solution and the yellow 
colouring pnnoiple was obtained in the filtrate. This gave much 
better results in dyeing. On wool the best shade is obtained on 
chrome mordant A(d). The fastness of the ayeings on wool is fair. 

(6) Naspal or Pomegbanatk Rind. {Pmdm granatum). 

This plant is well known for its fruit. The rind of the fruit 

conttuns a tanning substance and also a yeUow colouring matter, 
the latter in much smaller quantity than the former. 

Pomegi'anate lind dyes very good shades varying from yellow 
to full brown on wool. All these possess very good fastness to 
milling. 

(7) .Iancta nil or wili> Indigo. {Tephrosia imrpurm). 

This is a small woody amjual occ'urring in abundance in the 

United Provinces It does not (iontain any substance yielding 
indigo and its name “ .Jangli Nil ” is probably due to its similarity 
to the indigo plant. 

Clarke and Banerjee have examined the oonstituents of the 
leaves of this plant. They found in it a colouring principle allied 
to quercetin or quercitrin (vide Trans. Chem. Soc. 1910, V. 97). 
Owning to the difficulty of separating the yellow principle from the 
ohiorophyl, efforts to obtain a pure yellow from Tephrosia have 
only been partly successful. The ccdouring matter is, however, 
of great value, as it yields dyeings which are comparatively fast to 
light, washing, and milling. The yellow* principle was separated 
by extracting the dry leaves with alcohol, diluting the ^tract with, 
water, and washing aw.iy the ohiorophyl with pWol. *‘^e purified 
oplqurii^ matter gave excellent shadea of yelldW ini";6bnjunotioa 
various mordants. On account of the abundance -rif the plap.t 
.‘it ma^ be worth while devising a suitable process for ei^p^^ng 
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the yellow ooloarii^ pfinciple. It would no doubt be very weloome 
wherever lustip and queroitron bark are still in use. A decoction 
of the leaves of T^pArosia dyes wool mostly dull brown shades in 
conjunction with the various mordants, the most brilliant shade 
being that on tin mordant. The dyeings, however, possess very 
good fastness to milling. 

(8) Safflower or Kusum. (Gmthamm tindorius). 

The dried flowers of ^safflower plant coiitaiix a colouring matter 
which before the introduction of coal-tar colours was highly prized 
all over the world. It produces on cotton beautiful shades of red 
varying from a full crimson to the most delicate pink. Safflower 
is rather an interesting material. It contains two distinct colouring 
matters, viz. (1) a yellow soluble in water which is by far the larger 
constituent, and (2) a red which only occurs in small quantities but is, 
nevertheless, the more valuable of the two. The separation of the 
two colouring matters is thus effected. The floi'ets are macerated 
with water which extracts the yellow colouring matter. When the 
maceration is complete and yellow colouring matter is no longer 
extracted, the florets are mixed with a dilute solution of carbonate 
of soda (sajji maUi) which extracts the pink colouring mattor. 
The cotton is worked in this solution in the cold for a short time. 
The bath is then acidulated with tartaric acid and tbe cotton worked 
in it for a short while whereby the pink colour makes its appearance. 
Native dyers use lembn juice for acidulating. The action is similar 
to that of tartaric acid. Silk may be dyed similarly but safflower 
is not suited to dyeing wool. 

Although the yellow bolouring matter in safflower is generally 
regarded as useless, Hubner has shown that certain mummy cloths 
which he examined had been dyed with safflower yellow (vide 
Journal oj the Manchester School of Technology, Vol. 3, page 359). 
He found tlmt these cloths contained appreciable amounts of mag- 
.nesium sulphate, and his experiments proved that an addition of 
•ioagnewum Jmlphate helped cotton previously mordanted with iron 
' to take up, the yellow dye pretty well and the shades obtained 
Wete sunilar to thg^' of the mummy cloths. The Egyptians 
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were therefore acquainted with the ri^f way of using safflower 
yellow. 

Strange as it may appear, safflower yellow does not dye cotton 
in conjunction with aluminium and tin mordants. 

Wool, however, possesses affinity for the yellow colour and 
may be dyed direct. 

(9) Majith. {Rubia cordijolia). 

, The root and twigs of this plant oonvain a dye-stuff identical 
with madder. Majith was largely used in this country before the 
advent of synthetic alizarine. Its cultivation has now, it seems, 
entirely gone out. Jt is at present greatly in demand all over India, 
but enquiries made so far have shown that it cannot be had in 
quantities large enough to meet the demand for it. It is 
undoubtedly one of the most valuable indigenous dye-stuffs. With 
its help red, maroon, and bordeaux shades of excellent fastness to 
U^ht can be dyed on all fibres. It is the basis of a gi-eat many 
colours requiied by the calico-printers. The Farmkbabad calico- 
printers were at one time large users of this dye-stuff and would be 
glad to go back to it if supplies were forthcoming. Majith, as 
might be expected, dyes very fast shades on both wool and cotton. 
The best results on cotton are obtained by using the Turkey Red 
process. 

* 

(10) Cui'CH OR Katha. {Acacia patechu). 

The catechu tree is found in several parts of India. An extract 
made by boiling the wood in water is still largely used in dyeing. 
Catechu is exported to Europe for use in dyeing and tanning. 
Catechu may be applied to all fibres, though it is most largely xised 
for dyeing cotton. The usual method of dyeing cotton consists in 
boiling the goods with an extract of catechu with the addition of 
copper sulphate, the weight of the copper salt being 10 per cent, of the 
weight of the colouring matter. The goods are squeezed, allowed 
to stand for a short time, and theh boiled in a fresh hot bath 
containing 2 per cent, bichromate of potash, washed and dried. 
Ontochu brown is one of the fast^t colours known. 



.3^ ti^ee is ^td to 'gtois' AbtautAo^ in Ckttaok nnd €ontrftl 
Xt is a ;van^jr of the so^lled^ Brazil wood yhioh was ome 
;t^bii a tinM very largely used in dyeing in Europe. The oolouring 
principle, iraziletn, exists in a oolourless condition in the h^shly 
ottt wood and, is by oxidation converted into the true colouring 
matter Irrmilem. The wood is similar in its composition to logwood. 
Hie oxidation of the colouring matter is carried out by a process 
’ of " agemg ” in exactly the same way as logwood. , 

Patcmg is a valuable colour'yielding material. It can be used 
for producing brilliant shades of red, crimson, and purple and is 
very suitable for calico-printing. 

(12) Lac dyb. 

This substance is of animal origm. It is the product of a small 
insect called Coccus lacca which lives on the twigs of certain trees 
such as peepul and her. The incrustation produced by these insects 
on the twigs of the trees consists of (1) resinous matter, (2) colouring 
matter. The colouring matter is dissolved out by means of water 
or a weak alkali, the resin being left behind. The latter oii melting 
and straining throi^h canvas cloth constitutes shellac. The 
o<douring matter is precipitated from its solution by lueaiw of alum ■ 
and is afterwards pressed into cakes and sent out either for export 
or for sale locally. 

J!<ac dye is manufactured largely in these provinces, though like 
other natural products it has lost much of its former importance 
Lao dye is dyed on wool, chiefly on tin mordant. It yields beautiful 
scarlet and crimson shades. 

(13) Indigo. 

A description of this is perhaps unnecessary here. Its use 
and importance are too well known to be drawn attention to in this 
Paper. 

Conclusion. 

in the Soppe of this report it has been only possible to allude 
{briefly, ti>tW dyeii^ and properties of the various colouring . 
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/examined. Exiianstive trials have alr^y It^n. made 
iritii ail the above dye-stufe in oimjuuction with various mordants 
oh both wool and ootton. The dyeings obtained in each case have 
been tested for fastness to li|^t, washing, and milling. AH these 
sanrples are being shown at the Exhibition of German and Austrian 
Goods now open at the Upper India Ohamber'of Commeroe, 
Cawnpore. 

These samples liave already attracted the attention of users of 
dye-stuffs who have virited the exhibition, and enquiries respecting 
them have been received from one or two places. 

Surprising as it may appear at first sight, India’s natural 
resources are <iapable of supplying dye-stuffs required for producing 
any colour. 

The thirteen dye-stuffs described above will enable a clever dyer 
to produce almost any colour. 

We have in the list dye-stuffs yielding yellows, olives, browns, 
khakis, slates, greys, blacks, reds, scarlets, pinks, and blues. Suitable 
combinations of these colours will give us almost any shade. 

The fastness of many of these dye-stuffs is not so bad as one is 
often led to believe. 

It must, however, be admitted that niost of these dye-stuffs are 
not available to-day in large quantitie,s and the prices are conse- 
quently prohibitive. 

Haldi, cutch, safflower, lac dye, and indigo are commercial 
products and may be had in fairly large quantities. Tuu, tesu, 
arum, and Tephrosia occur wild and arrangements may easily be made 
for collecting them. Harsinghar and are not exactly wild 

products and so their collection wU 'necessitate special anange- 
ments being made. 

Majith and sappanwood are perhaps the most difficult to get 
at and m far as we have been able to gather their cultivation has 
practically gone out, but an enquiry into the matter is still proceed!!^. 

A systematic study of the properties and method# jof application 
of tiiese dye-stufis would no doubt bring to light i^ny valuable/ 
.which would make the dye-stuffs more popular with the 
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There is every likelihood of a great many more colouring 
matters being found in the forests of India but this would be a 
matter for the Forest Department to deal with. 

II 

The examination of indigenous dye materials has been continued 
in the Technical Laboratory at Cawnpore. A communication on 
this subject has already been made to Government. Since then 
some additional dye materials have been examined and the following 
is a brief .“account of their properties and methods of application 
in dyeing. 

(1) Kachnar — {Bauhinia racemosa). 

This is a shrub very common in these provinces. The bark 
yields a red dye which is largely associated with tannin. The dye 
is not very bright but nevertheless it may be employed for dyeing 
dull reds on cotton. It may be dyed on cotton without the help 
of any mordant. Cotton seems to have an affinity for it. Faster 
results are obtained on atumiua or tin mordant. Kachnar bark 
is said to be used in Burma for obtaining a dull black colour on 
cotton. For this purpose the cotton is dyed direct in an infusion 
of the bark and is then worked in mud whereby the dull red colour 
is changed into a black {vide note by the Conservator of Forests, 
Eastern Circle, Burma, 1896). The bark can be had in any quantity, 
and may be of service to tent manufacturers who require a dull 
red colour for the inside of tents. 

(2) Peepul — {Ficm rdigiosa). 

The roots of this well-known plant were examined and found 
to contain a red dye which gives a good pink on cotton mordanted 
with alumina. The shade so obtained is fairly fast. - 

(3) Red Sanderswood — {Pterocarpm santalinus). 

This is a Small tree occurring in Southern India. The wood 
yields a viahiable red dye. It was largely used in dyeing before 
the advent of synthetic, colours. The dye principle is called santalin. 
It wiM|»^yare^in tl^lftbbratory in an impure state from an etl^real 
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infusion of the wood. The crystals deposited, from the ethereal 
solution were further purified by washing them well with water, 
redissolving in alcohol, and precipitating with lead acetate. The 
precipitate was well washed with boiling alcohol and decomposed 
with sulphuric acid in the presence of alcohol, on removing the lead 
sulphate and concentrating the solution pure crystals of santalin 
were obtained. They melted at 103-106°C. (un-corr.) 

Sanderswood dyes wool without any mordant. Very good 
shades of satisfactory fastness are obtained on cotton on tin and 
alumina mordants. The dye does not dissolve in water though 
it is freely soluble in alcohol, ether, and acetic acid. 

(4) Roli or Kamrla Powder — {Mallotm fhilifpimmis). 

This dye is obtained from a small tree found along the foot 
of the Himalayas and in Southern India. The fruitM have red 
glands on the surface of the capsule and the powder is obtained 
by crushing or breaking up these glands. Kamela used to be largely 
employed for tlyeing silk. It gives a beautiful yellow on silk 
mordanted witJi alumina. The shade obtidfeed compares favourably 
with that dyed with chrysophenine. The dyeing must be done in 
an alkaline bath. 


(5) Akhrot — {JugUim regia). 

The bark _ yields a valuable brown dye.. It is of speeial 
importance for wool at the present moment because it yields on 
this fibre a fast shade which may easily be modified to a khaki. 
A great many dye trials were made and ,as a result of these the 
following conclusions were arrived at ; — 

(«) The deepest shade is obtained by dyeing with an addition 
of* 3 per cent, acetic acid to the dye-bath. The, 
fastness to light is, however, poor in this case. 

(6) Fairly full shades were obtafiied on • c}p:(Mne-oxaliG 
acid mordant or by the after chromii^ process. 
Both these give dyeings of excellent fastness to light 
and milling. The poorest results both as regards 
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dept;}] of shade aod jEastnesa to aad 
were obtained when the 47®^ euried ont with an 
addition of 15 pw cent.' Glauber’s salt to the dye^toto- 

' .rt 

( 6 ) Katkal. {ArUmrpuB int^t^olia). 

The wood yields a yellow dye which may be dyed on ootlwi 
on alumina mordant. The shades obtained are good and fast. 

( 7 ) Babbkrbv. [Rasimt). , 

The bark, roots, and stem of this plant are rich in a very good 
yellow dye. • This plant is plentiful in the Kumaun Hills. The 
aqueous infusion of the bark and stem is used as a medicine , for 
ophthalmia and is highly prised as such. The dye principle of 
barberry is berberine which is an alkaloid containing nitrogen. 
Berberine Was prepared in a state of purity from barberry by adding 
alcohol to the aqueous extract whereby all foreign matter was 
precipitated. On concentrating the filtrate crystals of barberine 
were obtained which were purified by recrystallisation from 
water. 

Raswat is used chiefly as a dye for silk. It was dyed on cotton 
mordanted with alumina but dull shades were obtained, This was 
perhaps due to the presence of chlorophyl in the preparation which 
came from Naini Tal. 

( 8 ) Rhmootinm. 

The wood of this plant yields a dye similar to young Fustic. 
On cotton moi-danted with alumina an orange yellow colour was 
obtained ; with tin an orange red was obtained. The dyeings are, 
however, not fast to alkalis and soap. 
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In 1915 the author was invited to ejcamine and report on the 
weed growth in the Godavari and Pravara Canals of the Bombay 
Pi-esidency, since this growth had in some places become so great 
as seriously to impede the flow of the water. The Godavari canals 
were accordingly examined from their pick-up weir at Madmeshwar 
lake to mile 31 on the Left Bank Canal and mile 49 on the Right 
Bank Canal. Similarly the Pravara Right Bank Canal was 
examined from its head-works, for 18 miles. The 'Pravara Left 
Bank Canal, being still under construction, was not examined. 

The weeds discovered were the following 
{1) Potamogdon perfoliaius,L\m. 

(2) Potamogdonpedinatiis, Linn. 


(4) Hydrilla veHiciUata, Casp. 

(6) Nam (?) species. 

(6) An alga, resembling Oedogonium. 

With the exception of the alga, the weeds mentioned are plants 
rooted in the soil, with their shoots rising into the water to various 
heights. PoUmogdon perfoUatus (Plate VI4 is the most serious pest, 
and the impeding of the flow in the canals is due to it.* This plant 
has a creeping rhizome, two to four inches below ground) from the 
nodes of which slender adventitious roots penetrate deeper into the 

( 66 ) ** 










AQUATIC WREDS : A PROBLEM IN APPLIED ECOLOOt. 67 

soil. The gro^vth of this rhizome appears to be monopodial. 
The stems arising from its nodes may he of great length. One 
taken at random from Madmeshwar lake measured*! feet from 
root to tip, the branches and leaves being oon&aed to the top 2 
feet. In the 49th mile of the Oodavari Right Bank Canal, in water 
10 feet deep, two stems taken at random measured 12 and 10 feet 
respectively with branches and leaves on the terminal 1| feet. It 
is unnecessary to give a detailed botanical description of the plant, 
but points of ecological interest must be considered. Among these, 
tlie reproduction of the plant is of the. first importance. As 
already mentioned, the creeping stem forces its way through the 
soil, sending up new above-ground stems. Reproduction by fruits 
a])peaTS to take place freely. In the Madmeshwar lake many plants 
of P. perfoUatm were in flower or fruit. The small compact spikes 
stand about one inch above the water. The method’ of pollination 
is by wind, and judging from the copious formation of fruits, 
conditions are favourable. Some of the fruits fall off from tlie .spike 
and float for a time, and it may be that the whole spike also becomes 
detacheii, but thi.s has not yet been observed by the writer. The 
fruits are 1 mm. x 2 mm. x 2 mm., ovate and pointed in shape, and 
veiy thick coated. Fig. 1 shows a cross section of such a fruit with 
floating and protective tissues. The length of time that these 
fruits float and the factors affecting it have not yet been determined. 
This point is important, especially in the present case, where the 
regulators of the pick-up weir are so arranged as to draw off the 
surface water only. 

It is probable that the Grodavari canals have been infected 
from the Madmeshwar lake by the drifting down of these floating 
fruits. Irving this point for the moment let us see if there is any 
discoverable reason for the extraordinary prevalence of Potamogeton 
perfoliatus in the said lake. The weir which is the cause of the 
formation o| the lake was completed a few years ago. After its 
completion, a considerable area of previously dry land w^ submerged 
and one village had to be vacated.* In the first year after the ' 


Knutb, Bandbook of Flomr PoOimlion (Ansvortb D»Ttoi), vol. Ill, p. 807. • 
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completion of the vreir no weeds were observed in the lake. The 
exact date of their appearance is doubtful. It is possible that fruits 
of Potamogettm perfoUatm ixom plants in higher pools of the Grodavari 
drifted down into the lake. The newly submerged land would be, 
as far as aquatic plants were concerned, a denuded area, and invasion 
would be easy. It is interesting to note that the portions of the 
lake occupied by weeds correspond roughly to the recently sub- 
merged areas, while the beds of the Godavari and Kadwa rivers, 
running through the lake, are clear of weeds. At the same time 
there are clear patches of water close to weedy areas which cannot 
be thus easily accounted for. It may be that at such points the 
substratum is not suitable for the growth of the rhizome. 

The freedom of the river beds from weeds is probably due 
to the greater depth, and possibly to the greater opacity of the 
water. The influence of the Godavari is felt more in the Right 
Bank Canal and, if the water reaching that canal is coming unusually 
directly from the river channel, then the water is more muddy and 
at the same time more free of floating fruits of P, perfoliatm. Such 
a direct flow appears to have occurred in 1916, weed growth in the 
Right Bank Canal having been considerably retarded during Sep- 
tember and October, although other conditions appeared normal. 

The weed grows in water from 1 foot to 20 feet deep. This 
latter figure is’ not the maximum depth at which it can grow, but is 
merely a deep sounding taken casually in a weed area in the 
Madmeshwar lake. • Scott Elbot‘ reports Polamogeton at 26 feet 
in Bruyant, Prance, 

Variations of turbidity or velocity of water seem to have little 
effect on the distribution' of the weed. The leaves occurring on the 
last 2 feet of the stem are always just below the surface and hence 
get plenty of light even if the water be muddy. The weed was 
found in water of all velocities from zero to 4 feet per second and 
thrives equally well in them all. 

It is a purious circumstance that the weed occurred • also here 
and there^in borrow-pits beside the canal but having no direct 


1 Scott ElUotf Modm\ Botany (1910)» p. 132- 
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' llieiiiioli otf these borrow pits. The fruits may have been carried 
(t)l on the feet and feathers or in the stomachs of a<|aatio birds, or 
(S) in mud on the feet of oatUe, or (3) they may have come from 
bunches of tibe weed piled on the banks at the time of cleaning of 
the canals. The fruits may then have been washed or blown 
down into the pits. 

Complete closure of the canal for a prolonged period would 
doubtless kill the weed, but there is so much land under perennial 
irrigation from the canal that a prolonged closure is impossible. 
A closure which is sufficient to kill the exposed stems does not 
afiect the under-ground rhizomes, which begin growth when water is 
once again let down the canal. 

The vegetative growth ot the weed is considerable from 
November to February and is at its maximum during December and 
January, just after its fruiting period in November, During the hot 
weather the vegetative growth diminishes, and is more or less 
dormant during ihe rains. In this respect, this aquatic weed forms 
a remarkable contrast to most of the laud vegetation of its 
neighbourhood. 

It is possible that the fall in temperature during the rains is 
the factor that chocks weed growth. The factor of extra silt and 
consequently greater opacity of the water must also be taken into 
account. Only experimental evidence, however, caif determine 
which of these factors is the more important.. 

Any methods for controlling this weed must, as far as these 
observations go, aim at (1) the prevention of fruit formation in the 
Madmeshwar lake so as to avoid further infection of the canals ; 
(2) the repeated cutting or dredging by suitable apparatus of the 
weed in the lake to prevent its further spread therein ; (3) the 
extirpation of the rhizomes of the plants now established in the canal 
Means to attain these three ends are being considered. 

Of the other weeds, HydriUa, Naias (?) and Va^neria were 
found in Madmeshwar lake completely submerged and out of sight 
i& 4 feet of watet. None of them were in fruit. They ooeotred 
at f ariotts points in the canals but were not serious pests. • 
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Potamogetan pedinaius was found in flower at three points in 
the canal. It was found also in the lake. On acoount of its linear 
leaves, it does not hold up the water in the same way as Potamogeton 
perfaUatus. Potamogeton pectinatus has peculiar vegetative repro- 
ductive bodies not mentioned by Hooker, Cooke, or Woodrow, but 
briefly referred to by Continental writers.* These bodies are 
small rhizomes consisting of closely packed tubers ; each tuber 
having on one side a shoot ready to start into growth, and on the 
other a slender internode comieoting it with the next tuber. Small 
chains of these tubers were found both floating in the water and 
buried in the soil of the canal. The author was absolutely ignorant 
of their relationships until he grew one experimentally and got 
from it an unmistakable plant of Potamogeton pectinatus. Fig. 2 
on p. 66 shows the plant produced. The germinating of such 
resting-bodies at this season tallies witli the cycle of growth 
already noticed in which the monsoon is the resting season for 
such aquatic plants. 

Tn the Pravara Right Bank Canal the weeds were much fewer, 
and the head-works, which is comparatively small, showed only one 
specimen of Potamogeton fmtvnatus and no Potamogeton perjolialus. 
The latter is, however, found in the canal and the infecting fruits 
doubtless come from higher up the river. 

The whole question of the control of the weeds of tliese canals 
constitutes a most interesting problem in applied ecology. 

Addkndum. 

Since the above paper was written for the Indian Science 
Congress, further collection of weeds from the Madmeshwar lake, 
and observation of specimens grown in tubs have brought to light 
the fact that the floating stems have the power of producing rooted 
branches adventitiously. It is likely that these branches later on 
fall off or are detached by the decay of the parent branch. This 
discoveiy makes the task of eradication of the weeds even more 


’ Edgier and Pnmtl, Naturlu-hcm Pflatucenfamilien II Teil, 1 Abteiliiig p. 
Handwdrtorbuoh dcr naturwufecnaobaften, X Band. 619. 
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difficult since it will be necessary not only to piffevent fruit formation, 
but to check the drifting down of these rooted ' and detMhed 
branches. 

Fruits sown under water in November 1916, germinated in. 
March 1916. 

The artificial conditions in the tubs induced florwering after 
four months. 

It appears also that there are probably three varieties of 
Potamogeton perjoliatus in the lake. Specimens of these are now 
being grown to determine if they are genetically distinct. 
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A scBOtBS of tftrimdmria very near fteasuoaa is a free> floating 

Ui$ 6 otiv<xou 0 plimt (iouui in a tniik in Madras). The -leases are 
c&Qfeily diMeeted. TlEte \>\add.era tbat entrap inseots Kang Ky sKort 
, $Udks from the axes of the leaves (Plate VII, %. 1). They are oval 
in &ha|M and are broader in one direction than the other. The mouth 
- of idle bladder is horse-shoe shaped, with the bend of the horse-shoe 
posterknr and the base anterior. The mouth is surrounded by a’ 
ridge which is produced at the two ends of the base of the horse-shoe 
^nto two stout projections from which branched hairs start. These 
hairs are referred to by Darwin as the antennse. Except along the 
base of the horse-shoe the ridge is fringed with long pointed hairs 
(Plate VII, fig. 2, and Plate VIII, fig. 1). 

: The valve or trap-door of the bladder is attached to the inner 
and lower margin of the ridge all along the base of the horse-sho^ 
and to a very ^oit. extent along the sides. In the living ccmdition, 
the valve is not flat as is commonly supposed but is transv^^isi^y 


convex and dome dmped when looked team above. The apex of the 
.dome bes. yeiy near the bend of lAe horse-ahoe so that theonr^ jol; 
the yeiy gradus^y frm the base up to vi^^jaBar. ^ihend 

jli««B^ioeai^ thenhasA sharp faft (Plate ^0,1^. 
^e..api^^ ^ dome start six or 

i snaoh hetw^n. 

'f^wacd and are . 










PLATE 







yig^ i . Burfaoe view of the mouth with tlie valve. For ex)Aaiiatioii 
refer plate VII, fig. 2. The hairs summadiiig the oolhur 
are omitted. 

fig. 2. Median kmgitudiaal seetioii, showiim tiie ttoutii ekwed up 
by the vdve. ftee margin oi ilie valve pream against 

the collar from below. The irritable hair is shown on the 

vrIvu 
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valve. He po^ftitm of theup^T surface of the valve nearest the 
base of the mouth is densely clothed with club-shaped hairs which 
are glandular and secretory. The valve has a thin margin which 
goes helow the ridge of the mouth all round and is tightly pressed 
against it. 

Darwin has shown that small crustaceans and othe.r animalouliie 
are found inside these bladders and that, since they camiot esc-ape 
once they are caught, they die and decay. The decayed animal 
matter is absorbed by peculiar quadrifid hairs, found on the inner 
surfaces of the walls of the bladders. 

My attention was drawn to a pecidiar behaviour of this plant, 
when I was distributing specimens to my class for studying the 
structure of the i)ladder8. As the specimens were lifted out of 
water to bo placed in smaller dishes, they made light crackling 
sounds resembling the ticks of a watcli. The sounds were 
unaccountable by anything I knew of the striuiture of the diffpj'ent 
parts of the plant. After a series of obs(‘rvations, they were located 
as coming from the bladders. The state of the bladders before ati<l 
after lifting the plants out of water, gave the clue. Wien the 
plants had been allowed to remain quiet for two or three! ilays in 
water, among the fidl grown bhidders nearly 25 per cent, weie found 
to be half filled with air and half with water. Nearly 50 ][)er cent, 
were found to bo completely filled witli water and in some of these, 
the small organisms entrapped may be seen. The rest were nearly 
empty, with the walls closely adpressed againSt each other, so that 
lliere was very little cavity insitle. and the bladder as a whole 
was biconcave. 

The first tivo kinds of bladders with t he walls convex and 
with the cavity inside filled with water or water and air, 1 will 
designate as “ full.” The. last with its walls concave ami with 
vejy little <!avity, J will call “ Jiungry.” In every case the valve or 
trap-door was tightly pressed up against tlie rim of the mouth. 
When the plants were lifted up and rejilaced in»wat/er, there 
were very few hungry bladders left and in their places were now 
fortnd some completely filled with water and others with water 
and There was no change in the full bladders. From tUitf it 
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WAB inferred th&t the imngry bJadders, when they were djstuthed 
lusd came in contact probably with the leaf segments or other parts 
of the plant, opened out and let in water or water and air. Hence 
I suspected that the bladders were irritable and that the valve was 
veiy likely not simply a passive elastic door to be pushed in as 
Darwin supposed by an unwary or inquisitive animalcule, but an 
active trap-door which helped the bladder to forcibly suck in its 
prey. 

As to the manner by which the animalcules make their way into 
the bladders, Darwin says “ Animals enter the bladder by bending 
inwards the posterior free edge of the valve which from being highly 
elastic shuts again instantly. As the edge is extremely thin and 
fits closely against the edge of the collar, it would evidently be very 
difficult for the animal to get out when once imprisoned and 
apparently they never do escape. As I felt much difficulty in 
understanding how such minute and weak animals as are often 
captured, could force their way into the bladders, I tried many 
experiments to ascertain how this was effected. The free margin of 
the valve bends so easily that no resistance is felt when a needle or 
thin bristle is inserted. A thin human hair fixed to a handle and cut 
off so as to project barely J of an inch entered with some difficulty, 
a longer piece yielded. On three occasions, minute particles of blue 
glass (so as to be easily distinguished) were placed on valves while 
under water and on trymg gently to move them with a needle, they 
disappeared so suddenly, that not seeing what had happened, I 
thought 1 had flirted them off ; but on examining the bladders they 
were found safely enclosed. The same thing occurred to my son who 
placed little cubes of green boxwood on some walls and thrice in 
the act of placing them on or whilst gently moving them to another 
spot, the valve suddenly opened and they were engulfed. He then 
placed similar bits of wood on other valves and moved them about 
for' some time and they did not enter.” “ To ascertain whether 
the valve* were endowed with irritability, the surfaces of several 
were Borgttched wth a needle or brushed with a fine camel-hair 
brush so t»6 to miitate the crawling movements of small crustaceans, 
but the valve .did .3^1 open. We may, therefore, conclude that the 
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animc^ entet merely by foroi&g their way *bhroagh the sHt-like 
orifice, their heads serving as a wedge.” “But,” says Darwin* 
” 1 am surprised that such small weak animals shc^d be strong 
enouj^ to act in this manner, seeing that it was difficult to push in 
one end of a bit of hair ^ of an inch long.” Darwin evidently came 
to the above conclusion quite half-heaitedly and he. missed the 
correct solution by a hair’s breadth. 

I will first corroborate Darwin’s idea that it is unlikely that 
such small and weak animals should be strong enough to enter 
the bladders by pushing in the valve, and then try to explain 
the mystery of the particles of blue glass and boxwood. I tried 
to get an idea of the pressure the valve was able to withstand 
before it yielded and was pushed in. For this purpose, I used a 
spring which was fixed to a stand by one end. To its other end a 
piece of cork, with a small metal cup on its top and a needle stuck 
in at the bottom, was attached, so that the blunt end of the 
needle hung free. Below this was placed a Ziess’s hand microtome 
which has a flat circulai- top, with a hole in the centre, through 
which the block-holder can be moved up and down by a micrometer 
screw. A bladder was cut across and the upper half, with the 
valve, was made to rest on its out end, inside a narrow glass ring 
fixed to a slide. The ring was filled with water so that the cut 
bladder was immersed in water. The slide was plac^l on the 
microtome and slowly raised until the free end of the needle rested 
on the valve just touching it. Care was taken'to see that the end 
of the needle did not come in contact with the ridge surrounding 
the mouth. The orifice was big enough to admit the end of the 
needle freely. Sand grains were now added to the metal cup until 
the lid just gave way. The weight of the sand grains which was 
270 mg. gave an approximate idea of the pressure that the lid was 
able to withstand. This is likely not accurate, as here, the weight 
of the sand grains included not only the upward pressure of the 
valve, but also the weight necessary for the extension of. the spring. 
To avoid it, as I thought, the action of the spring was reversed in 
this manner. The weight necessary for stretching the spring to a 
known distance was first calculated and then in the stretched 
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^^ieli tin jqn&g was raised to ^Swst this, was made out and ^om It 
^ the valve was caloulated. The we%ht thus 

Now, % us Qonsider the pressure the organisms can exert on 
the valve. Titough it was not possible to get an accurate estimate, 
the li^wiug considerations, I expect, will give an approximate 
idea q£ the pushing force of the crustaceans and others, found inside 
thS bladders. The force, that these organisms can exert, can be 
-detived in three ways : firstly, their weight ; secondly, the momen- 
tum with which they dash against the valve ; and thirdly, the activity 
of their own muscles or any other structures corresponding to them. 

The first factor, namely the weight, is quite n^ligible, since 
it will be greatly or fully counteracted by the buoyancy of water. 
As regards the second source, namely the momentum, the habit of 
those M-ganisms, when they approach the bladders, is. of great 
interest. I have {(pent a long time watching for the suction of the 
animals into the bladders. Whenever an animal approached a 
bladder, its quick motion was stopped and. it went round as if it were 
brou^g along in search of food and in no case was there an aimless 
or unwitting impact with the valve. Darwin says “ It is difficult 
>b conjecture what can attract so many creatures, animal and 
mgetable feeding crustaceans, worms, and various larvae to enter 
he bladders. PerhUps small aquatic animals habitually enter very 
maU crevmes like that between the collar and the valve, in search 
{ food or protection.” My observations lead me to believe, though 
am not yet in a position to prove definitely, that the attraction 
or these animals lies in the secretion of the clubheaded hairs found 
ifo&isefy near the base of the horse-shoe on the valve. Since tiie 
aimals when they are near the bladder move about very slowly, 
,he second source of energy is also not of any consequence. The 
third source, that of muscular power, is hard to get at and can oidy 
be guess^ ; but a difierent ccmsideration will, I think, put this soruoe 
out (d coiot. The diehtlbution and direction of the Ip^-poiiitod 
hidxs round ^ ridge ate mitcanoe into the la 
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eMj only utt oreK fotmod t>y jth« anteimiB or the very long 

branched hein ot the base of the horseshoe. Now if an animal 
eaten! through this aroh, it will necessarily come aji^unst the sharp 
points of the hairs which stretch from the apex of the valve towards 
this entrance. Bo it appears impossible for the animal to get at 
the edge of the valve and push it in. The above considerations) 
I hope, show that the presence of the animals inside the bladders 
cannot be due to their pushing their way in. 

To see whether the suspicion that the bladders were irritable 
had any basis, the following experiments were done. First I seleoted 
some of the “ hungry bladders and irritated with a needle the 
different parts of the ridge, round the mouth and the valve. When 
the hairs at the ape\ of the dome of the valve were irritated, the 
adpressed sides shot out suddenly with a sharp explosive sound and 
the bladder got filled with water or air. T repeated this over and 
over again, so as to assure myself that I did not really push the 
valve m, but only irritated the hairs, and in the case of every hungry 
bladder the same reaction followed. No reaction occurred when any 
other parts of the region were irritated, so that I was able to assure 
myself that these particular liairs were the irritable hairs. Then 1 
wanted to see whether similar conditions obtained when an animal 
was caught inside tire bladder. It was found impossible to manoeuvre 
the organisms to the bladders and, though I observed for a long 
time, 1 was not able to see an organism actually sucked in. But the 
critical question, whether a bladder is capable of sucking in the 
organisms if they irritate the hairs on the valve, was settled by 
another means. Once a dead fly, more or less in a putrifying 
condition, was found floating on the water in one of the dishes. 
I took the front half of the fly at the tip of a needle and irritated 
the hairs of a hungry bladder with the head of the fly. To my joy, 
the whole object was immediately sucked in. This set at rest my 
doubts as regards the capacity of the bladders to suck the organ- 
isms in, as the biggest of the crustaceans found iiu|^e were not 
more than | of the head of the fl.y in size. 

I wish to draw attention to the fact that the above experi- 
menfis wwe done with the hungry bladders only. The full bladdbrs 
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do uot react to irritation. This explains the myateiy of the dis- 
appearance of the particles of blue glass and bentwood in some cases 
and not in otliers. 1 take it tliat the bladders l^at swallowed the 
particles were * hungry ’ and those that did not were * full.’ The 
same &ot Also explains the negative results obtained by Darwin when 
he irritated the bladders, as nearly 75 per cent, of the bladders in 
a plant are in the ‘ full ’ condition and the ‘ hungry ’ bladders are 
generally very few. It may also be due to the fact that the reaction 
to irritation is extremely quick and easily escapes notice. 

A few words about the mode of action under irritation. Owing 
to the quickness of reaction, it is impossible to observe directly 
the opening and closing of the valve. When the valve of a full or 
non-hungry bladder is pressed down with a needle as far as it could go, 
the irritable hairs project right in the centre of the opening. If an 
animal is sucked in when the valve is in this position, it should be 
either impaled on the hairs or the hairs should be broken. But T 
could never believe, that in such a delicate niechanisra, this flaw 
could ever occur. The explanation was arrived at rather acciden- 
tally. In an idle mood I pressed out the contents of a full bladder 
with a pair of pincers. The contents came out through a slit 
formed by a portion of the margin of the valve being pushed out. 
When the pressure was relieved, the valve fell back quickly to its 
place and no water entered fiom outside ; but some air escaped from 
the interc^ular spaces in the walls of the bladder and filled up 
the cavity. Then, I once again pressed out all the air and over 
R gaiti when more air came in. When the air was driven out twice or 
thrice, tlie bladder assumed the hungry condition. When I irritated 
the hairs, it reacted in the normal manner. T got very much 
interested and the whole operation was thrice repeated with the 
same bladder. The valve went in once again under irritation 
but never came back and the bladder was left wide open. When 
I looked through the open mouth, I could not see the irritable hairs 
aitd the pamage was perfectly clear, ft was then that the proper, 
position of the irritable hairs, when reacting to irritation, was 
shown. On examhiation, it was found that the convex valve had 
become concave and boan-shlped, and the hairs were found safely 
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laid at the bottom of the boat. The orifice was fully open without 
any obstruction. (Plate IX, fig. 2.) 

The nature and arrang«nent of the c-elk that go to make up 
the valve, the irritable hairs, and the ridge are very interesting. 
Their relation to the functions performed is under investigation. 



M0DEL3 TO ILLUSTRATE SEGREGATION AND 
COMBINATION OF MENDELIAN 
CHARACTERS. 


HIT 

H. M. CHI15BE1{, M.A., 

Amflanl I'rnff.Mor of Botany, Agrienlhtrol Colk(i«, Poona. 


It is not proposed in this paper to expound the principles of 
Jieredity discovered by Mendel. My object is merely to explain the 
working of models devi.setl by me to demonstrate the behaviour 
of hejeditary characters that conform with Mendel's principles, as 
they are transmitted from one generation to another. 

I have taken glass beads to represent the determiners of 
hereditary unit characters. A coloured bead is used to represent 
the determiner of a dominant character. A colourless bead of the 
same shape and size is used to stand for the corresponding recessive, 
if the presence and absence hypothesis of dominant and recessive 
characters is to be illustrated. A certain modification of the entire 
model is devised to illustrate the working of the determiners of 
heredity, when the recessive ones are supposed to have a definite 
existence. 

I have represented the idea- of there being two determiners 
or a douhle dose of a dominant character in an individual by taking 
two coloured beads which are in every way identical. The single 
dose condition is represented by two beads of the shape and size 
but only one of them is coloured while the other is colourless. The 
nil dose or recessive condition is represented by two uncoloured 
beads. The ttse of any beads whatever to represent recessive 
determiners when they are conceived to have no existence at all is 
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justified only on the score of convenience afforded in working the 
model. 

The idea of indivisibility of the determiners and their segre- 
gation in the sexual cells involves the reduction in the sexual cells 
of a double dose when it is present in an organism to a single dose, 
and the formation of two sorts of sexual cells in etiual numbers one 
carrying a single, dose and the other a nil dose when the orgfuiism 
itself has got only one dose. This implies tlie cxi.stence of sex'ual 
cells of only two types witli reference to a given determiner, one 
type (tarrying a single dose of it and the other none of if. Thus 
there are three types of m-ganisnrs represented by the conventional 
symbols A A, A. a, and a a, and called homozygous or pure dominfint, 
heterozygous or hybrid dominant, and recessive wliioh l.s alwavs 
pure; but there are only two types of sexual cells, /vi., A and a. 
This fact is generally embodied iir the doctrine of purity of gametes. 
Segi’egation is (iommonly spoken of in Mendelian literafurc, 
following Mendel’s own conception of “ pairs of differentiating 
chaiacter,® and thvcr mutual .separation in the .sexual cells *’ as “ the. 
di.sso(nat.nu of the allelomorphic or alternative c.haia(tters in the 
constitution of the gametes,” or symbolically the .separation of A a 
Irom each other. The separation of A A and of a a (Mendel 
conceived of a a not as an absence but as a presence) also from e.a(di 
othei' was not noticcal by .Mendel, and has also apjiarently e, scaped 
the attention of most writers on .Mendelism. The cfnnposition of 
different zygotes and of their gamet es with referimce to one c.haractf r 
may l)e. I’epresented thus — 

Zy^tes A A A a ;i a 

(*umete» uU A A and a ail a 

in oijuai 

In my model w'hicdr consists of a scpiare frame work' stamling 
erect and carrying strings of beads the composition of t he different 
types of organisms and of the gametes is shown by bead.s^on diffei ent 
strings. The strings carrying the beads for gametes of one parent 
cross those of the other parent, and the compo.sition of the resulting 
zygotes is shown by nroving the beads to the points of intersection. 
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'Pile iollowiiig (Uagiaii)' whiiili deals with the consideratioD of one 
character only will ren<ler (ilearcr what I have jnst stated. 



Autr. The beads in the top left* ham! square represent the zytjote'< and those in the top 
light-hand fi<iuiire Uic gametes produced by these zygotes. 

It may be further siniplilied as given below wliicli r(M|uires only 
fourteen beads in all. 



When two charaiders are considered conjointly there would 
he nine (3", n being the number of characters considered as stuteil 
by Mendel), different forms of zygotes represented by the symbols 
AA BB, AA bb, an BB, aa •Ijb, AA Bb, Aa BB, Aa bb, aa Bb and 
Aa Bb, and there would be four (2*) different forms of gametes, viz., 
AB, Ab, aB and ab. 
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In the model the strings of beads representing the ganietes 
should be in })airs, one stiing for t he determiners of eayh ('haraet-er. 
Since there are four different foiins of gametes there sliouhl be four 
pail's of strings. The four veiiieal pairs would cross the four 
horizontal ones and thus there would be sixteen gi'oups of crossing, 
each grou}) consisting of four crossings. The formation, of zygotes 
is represented in tlie central .square by moving the requisite beads 
to the points of inter.section. If it is desired to re])rodiice the 
c.tm volitional arrangement when demonstrating tlie effect of selfing 
of AaBb or of crossing of a zygote .AaBb with another whicdi is also 
AaBli, the four types of ganietes on the foui- pairs of strings should be 
arranged in the order AB, Ab, aB and ab from left to right, on the 
verthial .strings, oi from above dowinvards on the horizontal .strings. 

In the demonstration of the working of three characters t.aken 
conjointly, there wouhl be t Aventy-.seven (3*) [)o.ssible forms of 
. zygotes to be (umsidered. These nniy be arriingisl as follows I hough 


ither ordei 

* would 

servo 

the pur]ios( 
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An 

bb 
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bl. 

Cc 

tut 

B)> 

Cl* 

An 

bl. 

w 

(Uoiip IIT 

AA 

Bb 
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Aa 

BIS 

(V 

An 

Bb 

(H: 

ff ' •! 

an 

Bb 

(V 

Aa 

bb 

(.V 

• All 

Wh 

('I* 
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Aa 

Bb 
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In the model, ABC are represented by three kimls of beads 
which differ in (tolour, sliape, and size, and*abc by corresponding 
beads which tire colourless. The twenty-seven genotypes fall into 
four groups according to their behaviour in breeding when sclfed 
and I have assigned to each of them a .separate (torner in the model. 
In the first group there are eight genotypes wliich are quite constant. 
These are placed in the left-hand top corner. The second gi'oup 
which contains twelve forms includes genotypes in which one of the 
three characters w'ill split. The third group of six forms contains 
two of the three characters .splitting. The last group which contains * 
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only one form has* none of the characters constant. The abov 
grouping also brings out the frequency of the occurrence of differen 
forms when Aa Bb Cc is selfed. The resulting combinations forr 
a series of 64 in which the eight genotypes of the first group appea 
once only, the twelve genotypes of the second group appear twic 
only, the six types placed in the third group appear four times, an< 
lastly, the single type in the fourth group appears eight times 
The following table makes this point clear : — 

8X1 8 

12X2 24 

6X4 24 

1X8 8 

64 

If it is desired to bring out the phenotypic composition as well 
it may be done by adding eight squares to the model in any fashior 
whatever. I y^ould suggest their provision in an oblong frame witl 
eight compartments added to the model at the top of it. Th« 
twenty-seven genotypes may be arranged in eight phenotypic groups 
as follows : — 

]. Phenotype ABC having eight genotypes. 

AA BB cc 

AA BB Cc AA Bb CC Aa BB CC 

AA Bb Cc Aa BB Cc Aa Bb OC 

Aa Bb Cc 

2. f^henotype ABc having four genotypes. 

AA BB cc AA Be cc Aa BB cc 

3. Phenotype AbC having four genotypes. 

AA bb CC AA bb Co Ao bb CC 

4. Phenotype aBO having four genotypes. 

oa BB OC oa BB Cc aa Bb CC 

6. Phenotype Abe having two genotypes. 

AA bb cc Aa bb cc 

6. Phenotype aBc having two genotypes. 

aa BB cc oa Bb cc 

7. Phenotype abC having two genotypes. 

oa bb CC an bb C 

Phenotype abc having one genotype. 

to bb cc 


Ad Bb cc 

An bb Cc 

an Bb Cc 


8 . 
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So far I have dealt with simple factors. ^ effective demou- 
stration of complementary factors is obtained by using tiny bits of 
sponge dipped in appropriate chemical solutions insthad of beads. 
Thus bits of sponge dipped in phenolphthalein and caustic potash 
solutions may be used to demonstrate the production of coloured 
flowers by crossing two white forms. Other phenomena of 
Mendelian inheritance such as cumulative factors, inhibitory factors 
and gametic coupling can as well be demonstrated on the same 
principles. I propose to deal with these in detail in a subsequent 
paper,’ as also with the modification requked to be made when the 
recessive characters are supposed to be due to the presence of definite 
recessive determiners. 



thj: correlation of rainfall and the 

SlJCCEEDIN(j CROPS WITH SPECIAL 
REFERENCE TO THE PUNJAB* 

liV 

S. M. JACOli, 

Deputy Commissioner ^ Kanial. 


Introductory. Jn tlie lirst application o1 tlie luetluMl ot 
correlation to the problem of the numeriital nieasurement of the 
dependence of crops on rainfall in India, only tlu^ general effecd. of 
tJie whole surnmer and winter rainfalls on th(‘- autumn and spring 
harvests respectively was (jonsidcred. In the present pa})ei* the 
effect of the distribution of rainfall in tirne is more specifically dealt 
with, and, too, the more impoi*t.ant (;r()])s have been treated 
separately ; both being very necessary steps towards the complete 
determination of the character of the harvest Irom the antecuMlent 
rainfall. 

Increasing attention has been devoted of late years to attack 
on the same problem by similar methods in other countries, more 
particularly in America, and there has been obtained a sufficient 
number of liigh coefficients of (jorrelation to encourage fuithei 
investigation on the same lines.! 

* iluH paper 18 also published as a Memoir of the Mcleorolopical Ikpartmeiit of the 
GoverniiKMit of India. 

t The more notable vu lues obtained hitherto hfc : — 

(1) A double correlation coetticient of 4-’S0 of Spring rain and uccumulalcd temperature 
with outturn of hay from clover and rotation gra^s for Rastern Kngland, Hooker.— Vow/* 
Stai. Sor., 16-1-1907. 

(0 A lotot correlation coefficient of +-7.1 between the rainfall of Octobpr to Marcli and 
the unirrigated matured area of the Spring harvest for the Sialkot diatncl of the Punjab, and 
a doable cmTelatioil coefficient of for simiiav data for llic Delhi district, Jacob.— -.)//- wn)/r a 
0/ the AHtitfc StH-iffff of Jirmpii, 8.2-1909. {rontimtM on 87). 
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The tract selected: Jullundiir Tahsil. Jlhe tract I have dealt 
with is the Jullundur Talisil of tlie rlullundHr District situate in 
the Doaba between the rivei’s Beas and SntJej. TJio area of the 
Talisil is 428 square miles of which practically 390 are cultivated, 
and it is divided into three Assessment C!ircles, which are. roughly 
homogeneous in respect of their soil, climate, and tluur c.ourses of 
husbandry. There are no canals and as a rifle very little flooding, 
so that the problem of rainfall effect is not too complicated. But 
there is a very large number of wells, and during the last 30 years 
more'wells have been steadily added to both t.lie I )ona Jjeiinda and 
Dorui Charhda Circles, and this means that tliere is a concomitant 
diminution of unirrigated cro])s, for which i',lhnvance has to be made 
in considering t in* variation in the areas sown each harvest, on 
unirrigated land. Thus in the Dona Charhda Cinde every fresh 
well sunk has meant that on t he average 2’2 aiui's cease tt» be classed 
as unirrigated for the purposes of the Spring harvest. Df tliis 
diminution a loss of — 

(1*60 u<M< Dci new well falln oit unit ii^ated wheat ho>md 
I “30 ,, ,, ,, ,, wheat ainl ^I'Ain, 

0*18 ,, „ ,, gram alone, 

and Ihe balance ol’ *16 ucre« on other eiopn. 

The (loiiiitervililiiig fr<uii in Sprinji; irrigctte<l crops is IiowevfM* 
no less tlmii rtii iulditionc.l 7'4 e.r-res for eacli addil ioiud well, of which 
3*30 acj'es per well, or Yi\\ her less tlnui onednUf, luhs beeiuMi incretvse 
in whee.t sowings. Before the correle.tion of the jU‘eD.s sown with 
the riunfall lire worked out, the crude figures must in nil cHiSes he 
corrected by the Hpproprie.te fa.(Jtors, tlu'se being slightly different 
for emdi of the tJiree Assessment (Jiredes. 

Distitudam between the. two problems — sown area and yield. 
Two entirely distinct pioblems present tlieniselvos if we propose 

(3) A correlation of —'69 between accumulated tcm|.eratiire and potato yiclti Warren 
Smith.— A'. S. Monthly Weather Jterttnv, Mny J911 

(4) A correlation of -*70 between the efT'Clivc rainfall of July 21 to August 20, and 
the yield in corn in Oliio. Wanen Smith — 1\ S Monlhhj Weather ]terieu\ February 1914. 

(5) A correlation of *88 lictwccn rainfall and temperature in April to Sf'ptemlH*r 
and the yiehl of cotton in Texas J. It. Kincer — 1\ S. Monthly \[ertther lleeietr, 
Kebruary 1916. 
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to forecast the amount of cmp of any harvest, and these 
are : — 

(1) The determination of the area sown with each class of 

crop. 

(2) The determination of the percentage of the crop which 

is likely to come to maturity, or, in other words, the 
yield of outturn per unit of area. 

The first problem, which is, for not too great a cycle of years, 
in the main a problem of rainfall and temperature, is also an economic 
and psychological problem — ^prices of seeds, scarcity of labour, 
population, mortality, the standard of living, the number of plough 
cattle, mechanical aids to cultivation, and political events — ^all 
having contributory effects. Yet, unless the fluctuations in these 
subsidiary causes are very violent, they will not mask the first 
order effect of rainfall, and the proper metliod is to deal with the large 
effects first, and then proceed to disentangle the residual effects. 
This is the invariable scientific practice in those cases, for example 
in astronomy, in which we cannot c.ontrol the phenomena. 

The sec/oud pi'oblem, tiie determination of tlie yield of each 
(!rop per acre, is much less an enouomic problem than the preceding 
one, e8])ecially in dealing wit h unirrigated crops wliich are not much 
manured or weeded, and is really a joint problem of meteorology, 
subsoil jdiysics, and plant biology. It is a statistical juoblem only 
on account of its (jomplexity ; juid the more physical and biological 
laws can be applied to it, the smaller Avill be the residual 
unexplained effects to whitdi it will be necessary to apply statistical 
metluKls. 

Prediction of areas sown. 

Coi'fi'Uuion oj minj'all ami sown areas. J take first the problem 
of predicting the extent of sowings, and give the total correlations 
of some only of the e.rops which have been considered for each 
Assessment Cinde, namely, for duihi (well-irrigated) wheat, wheat 
and gram Unirrigated, and all unirrigated crops together, for 
the Spring hfij’vest based on the figures of the thirty years 
1886-1915. 
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The correlations are : — • 



! 

July 

1 

August 

8ept%mber 

Octohe 



Dona Lehnda 

1 

1 

-O’SS 

-0‘25 

-0'51 


Ohabi wlieat 


„ Ohnrhda 
Sirwal ... 

. 1 



-0-28 

-OKI 

0-34 


( 



-0*01 

-0*50 

-0*30 

Baiuni wheat and 


Dona Lehnda 
„ Gharhda 

“* 1 

0-18 

i 0-21 

UlS 

0*K4 

! O'M 1 

0 io 

grain. 

i 

Bii'wal ... 

... 1 


016 

i 0-27 j 


All Barani Spring 

{ 

Dona Lehnda 
Oharlida 


0-21 

0*04 

017 

(»*37 ; 

OIS 

0-33 

uropa. 

Sirwal 



0*06 

0*48 1 



The July and August coefficients are iu the neighbourhood of 
0‘20 with a probable error of ± 0'12, or, on the simple theory of 
probability, the odds iu favour of these (iorrelations being signiticjuit 
are 7 to 1. The simple theory, however, by no meitns gives a 
favourable enough estimate of the odds when we find ci>effi(!ieuts 
of about tlie same, magnitude repeated again and a, gain. In fad 
the repetition of the correlations for three different areas, supposing 
the sown areas iu eacli case are unassociated except on the score of 
a more or less (;oinmou rainfall, makes the odds nearly to 1. So 
that I think tliat we may justly conclude that the correlations with 
July and August rainfalls are significant. In any (jase it is highly 
])robablc that tJiey are significant, as the rainfall in these months 
is a, tme contributory cause of the autumn sowings of Sejitendicr, 
October, and November. 

The correlations of sown area with September lain are in the 
neighbourhood of 0’50 with a probable error of ± 0‘09, so that tiic 
simple odds in favour of the significance of this correlation are over 
80,000 to 1, so that this coefficient is undojubtedly significant. The 
frequency with which nearly the same value of the correlation is 
found for this and other districts of the J’unjab makes the odds 
much greater even than this. 

The correlations for October are on an average about 0’23 with 
a probable error of ± Odl, or the odds in favour of their significance 
are 18 to 1. • 

A further point of importance with regard to the correlation 
with September rain is that the odds are 9 to 1 against its being as 
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Jow as 0‘325, and we^ire not likely to be wrong if we say that it lies 
between 0'4 and U'G. For lower correlations we cannot predicate 
such narrow* limits between which the correlation coefficient is 
likely to lie. 

The coefficients are the simple or so-called total correlation 
coefficients, but they do not represent the actual rainfall effect and 
it is nocessaCry to eliminate the error diui to the fact that the rain- 
falls in the difiei-ent months are themselves correlated, and so it is 
possible that the area sown is spuriously (iorrelated with the August 
rainfall simj;)ly bec-ause it happens to depend on the September 
rain, which in its turn is correlated with the August rainfall. 

If the rainfalls in Augicst, September, and October (July rainfall 
has been left out of account beiiause of the doubt of the magnitude 
of its effect on autumn sowings) are positively correlated inter se, 
then this fact will have given a fictitiously high value to all the 
correlations ; but, if on t.he other hand the rainlV.lls are negatively 
correlated among themselves, the true nmguitude of the crop 
(correlations will have been masked, and we may have considerably 
to increase the total coindations previously found. This latter is 
a.ctually the case. The corridations of the rainfalls are: 

Auf(nht with Septeiuber U';^7 

,, ,, October -OlU 

September with October 0'13 

So that if. is c.leair that th<* true or so-cidled net coefficients of 
correlation are markedly larger than the values previously 
.stated. The vidualion of the net coelJhtients of correlation is a 
somewhat laborious jirocess, j',nd for the Jullundur data J have 
limited myself to the two <jases of greatest interest, namely, for well- 
irrigated wheat and for all unirrigated crops together. 

Prediction for Cfialii wheat. 1 take firstly th(^ case of well- 
irrigated wheat in the Dona (lharhda Circle for which the average 
area sown in the last 30 years is 19,100 acres, with a standard 
deviation of 4,080 a(;res or 21-3 per cenf . The net correlations 
of the area'- sown ea(!h iMitunui are as follows: — 

With August rainfall 0’7U 

,, September ,, - 0‘8b 

,, October .♦ -0*74 
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These average at about 0'80 with a probable error of ± 0'08, and 
the odds are thus over 20 to ] against the coeftiidents being as low 
as — 0-60 in absolute value, and nearly 200 to 1 against their being 
as low as — 0'5, so that we may say that these coelHoients are almost 
certainly gretitei' than O'O. 

From these correlations we determine the equation expressing 
the area sown with wheat on well-irrigated lands in terms of tlie 
rainfall departures from the mea.n, namely : ■ 

S' = 18,890 - 570 - 750 1)^ - 4,800 1),„, 

where*!),, is the departure of the rainfall of llie /^t h monili from 
the average rainfall of the montli. 

The equation shows what an enormous eft’ect. rain in October 
has in causing the ■axltivator to abandon wheat sowings on well- 
irrigated lands ; infac.tiin inch of rain in October would throw out 
nearly 6 acres of well-irrigated wheat, as agfuust one iMir«* thrown 
our. I)y an'additimxid iiuih of rain in August. 

The equiition inu.st not, however, be intei jneted to mean that 
every suc(;e.ssiv.' iiKuement of rain will throw out furtlu'r equal 
amounts of wcdl-irrigated wheat, as t he rele.t.ion bet w(‘<mi I he rainfall 
and tlie ,iea .'<own is certainly not lineiM- when w*“ come to huge 
departures Ironi the avmage. All tlii',t we can assert from the 
equation is that rainfall of the quantity and distribution thiU fell 
during the years 1 885 — 1 91 4 in August, i^ept ember, and ( le.tober did, 
on the whole, have the elTects noted. Of course in tiousideriiig 
what effects rainfall intlui different months, has on wel1-wheii.t, 
sowings we must remember that it is much more usuaj to have a 
departure of one inch of rain in August or Sept.t'inber than in 
October, and properly to coiujiare the efle(;ts of rainfall as it (Ji«l 
occur in the last thirty years we must multiply the regression 
<!oefiicient.s of each month by their re.s]tet!l ivu' average rainfalls. 
We find thus tJiat. e.cttually the rehitivi* efl'ects of Augu-st, 
September, and thdober rainfall were as 2:8:1, the reason for 
the low October elfe(!l being due to tlie fa, cf that it is the e.vception 
to get rain in October at, all. If it does fall it has, as we ha\ e seen, 
a much greater efl’ecl than rainfall in the previous months in 
diminishing sowings of well-irjigatetl wJieat. 
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Wbea tie appropriate eorreotion for the number of welfa bas 
been iatroduoed tie Sml formula of prediction for the sown area 
of ohahi wheat is;— 

8 » 3'6(w-6540) + 26,910 - 670B,-760Rg -4300K„, 
where £„ is the total rainfall in the »th month, and w is the number 
of wells in the Assessment Circle. 

The multiple coefficient of correlation of sown area and the 
‘ weighted ’ area is 0‘89, so that the prediction formula, so far as a 
linear expression can give the relationship, is a good one. 

From this formula the sown area has been calculated for each 
year from 1885 — 1914 and the results are shown graphically in 
Diagram 1, which shows also the actual so\m areas. 

The correspondence between the observed and calculated 
results is seen to be distinctly close. The probable error of the 
prediction is 0‘67 x »i .234 = 1060, or 6'6 per cent, of the mean. 

Constancy of other crops. A very important fact may here be 
referred to, namely, that if we group together all well-irrigated Spring 
crops excluding wheat, and wheat and gram and form a class of 
‘ other crops ’ which consists mainly of the fodder crop, senji, melon, 
tobacco, and other vegetables,* the sown area of this class after tJio 
correlation for numbers of wells has been applied is remarkably 
constant from year to year having a coefficient of variation of only 
5'9 per cent, as against one of 21 *9 per cent, for well-irrigated wheat, 
so that the prediction from an appropriate rainfall formula would 
have a probable error of about 2 per cent. only. 

Predidiott for all Jmani rabi crops. The next case treated 
is that of all uuirrigated {barani) Spring crops taken together. 

The prediction of the sown areas of individual unirrigated crops 
is very desirable, but except for the principal crop, wheat and 
gram combined, the problem will require a finer analysis than by 
the total rainfall of the month. Thus the 30th of September is a 
critical time. If sowing conditions are favourable before that date, 

. a great deal, of gram is likely to be sown, but if suitable rain falls 
after that, gram is almost always combined with wheat. Wheat 

* This group of oropt oonslitfl of ihoee grown for local consnmptiou of mm md beast 
and arc very little afieoted by mternal eopply and demand* 
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in particular requires very favourable ooiulitions if it Ih to be 
sown on iarmi laud, and an examination of monthly rainfall does 
not suffice to show the fluctuations in the area sown, which ui all 
three parts of the Tahsil shows a steady fall from 1885 onwards 
with a Tniniin ntn between 1900 and 1906 and a very ijiarked rise 
in the last 10 years. 

The regularity of the change suggests a secular cause such as 
Dr. Shaw’s 11 years’ periodicity from wheat in England. At any 
rate the general trend of the data can bo fitted with a smooth curve. 

Parabolas fitted by the method of least squares are fair repre- 
sentations, but would certainly break down for extrapolation 
purposes. 

For the sovn areas ot all uuiirigated Spiing crops together the 
net oorrolatiou cocflicieuts are ; — 

With AiiguRt rainfall + 0 57 

,, September «, = + 0*72 

.. October „ » + O’flO 

The combi nod coefficient of correlation is 0'77 so that fair 
predict’on is to be anticipated. Taking the coefficients of the 
linear regr ession formula, and multiplying them by the appropriate 
constant, the expression 

•147 R«-|--53R,,+ 2-6r)R, 

is obtained which may lie called the weighted rainfall. If tire 
weighted rainfall is taken as the abscissa and the ‘ area soivn 
corrected for the number of wells as ordinate we get. a distribution 
of the kind as shown in Diagram II which clearly indicates that 
to a second approximation the data can be fitted with a curve 
of the form • 

= ax-bx*, 

and after a number of trials the curve 

y‘ = 34x-l-7x* 

was found to be a fair but not a good approximation to the 
changes. The curve rises abruptly at the origin, hut it would 
have been better ' to make it rise abruptly at 2' of the rainfall, 
which is about the minimum required for any sowings at oil. It 
reaches a maximum at 30' of weighted rainfall, that is to sdy, 
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beyond that, more rtoinfall would interfere with sowings. About 
the same niaxinnini was found for data in the old Delhi 
District. The problem however must be attacked by a systematic 
tnirve-fitting method, which should substantially reduce the probable 
error of prediction which is 0'H76 x 5700 = 3840 acres or 9 per 
cent, of the mean, an j),j)preciably larger error than in the case of 
imgated wheat, although the coefficient of variation is about the 
same, 22 per cent., in both cases. Even as it is, the jirediction 
afforded is a distinct advance on existing pracdice. 

PREJ)It!TION OK DitTTITRN. 

Nature of problem. The next .st(,‘}) after finding out how 
much CTO]) is sown is t.o find out how nmcli of it going to come to 
maturity, an<l that is as for human beings, botli a bathmic and an 
environmental problem, condition of seed, stale of the seed bed, 
. and the treatment and climate from the time of sowing to the time of 
harvesting, being the factors to be taken into account. 

In the present ])aper unirrigsited wheat only is dealt with by 
the statistical method, and the (sondition of seed has not for the 
moment been taken into a(!Count ; but the state of the seed bed 
wJ)ich depends, in the main, on the September audlSOctober rainfall, 
is takeii into ac(!ount as well as the rainfalls in each of the subsequent 
winter months, November to Marcdi.* The antecedent rotational 
crop which is a very important factor in considering individual 
fields is a quite sid)sidiary point in the aggregate over such a large- 
area as an assessment circle, in which there will be many fields in 
different stages of the crop rotation. As a matter of fact, unirrigated 
wheat is generally sown after a 10 months fallow and is followed 
by c/mm, moth, or guara, in the subsequent June or July {dofasli 
dosala) or on the better class of unirrigated (barani) soils, wheat is 
sown year after year {ek fasli ek sola) with no intermediate crop. 
The outturn is determined in the Punjab Revenue Papers from the 


* An analysis which aimed at oompletenees would naturally include not merely rainfall but 
all olimatologi<»l factorH, inch as temperature, sunshine, precipitation in the form of dow, 
evaporation, wind, and so forth, defect or excess of which may on occasion reduce an otherwise 
promising crop to a very poor condition. Given the opportunity the analysis can be so completed. 
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area of the crop which fails to come to inatwrity, tlie so-called 
hharahi whicli is merely the ]*atwari’s estimate of the deficiency 
of the particular field below what he considers a normal value. 

His estimate is checked by various Revenue (officials of higher 
grade, but it still remains subject to a very large ])ersoiial equation. 
In particular during the last 15 years there has been much greater 
liberality in allowing kharabn, and in dealing with the statistics 
the last 30 years liave been divided into two periods. The results 
based on the second period are probably the more reliable, (^rop 
experiments are, as at ])resent condiu'ted, of a very ])(‘rfunctorv 
kind, and two or three of them fiw each principal crop per Tahsil, 
would be required to get results truly indurative of tite (iharacter of 
the harvest. It is ni'i(»h to be regretted that a ])roposal to do away 
with crop experiments altogether has been mooted. It is ([uite 
as important that accurate outturns slmuhl be determined for 
crops grown by cuilivators under normal conditions, as for crops 
grown foi special test puryroses by the Agriimltural Department. 

f*redic(ioti J»i inuUiph' c(ynela^io)i. Taking tlie figures for 
kharalHi as we huA’c them the. correlations of rainfall aiul failed area 
for the \.i.riou;. crops are: — 

(^orrel(t(io)is of iteicentyif/e klmralxi with minfall In the winter 

montlifi. 



AssesBiuoiit 

("irclo 

Septem- 

ber 

Deuoni- 

her 

Januaiy 

Fehni 

ary 

M.'ii i;h 

Chulii liv lioat 

j Dona Lehinla 


li-.% 

• 

0 19 

- 0-27 

0 2*/ 

„ Charhda 
! rtirwal 

( Dona Lehnda 

0*41 

-0'4C 

-hOOl 

- 0*21 

- 0*36 

Chain all crops 

'{ ,, Charhda 

( Sirwal 

0M6 

0 39 

0-18 

0*26 

-0*43 


- 0-08 

- 0 06. 

H 0*17 

-n)*02 

0*16 

Barani whoat 

{ Dona lehnda 


- 0-31 

-O'lO 

0 19 

- 0 07 

< Charhda ... 

1 Sirwal 

- D-.S7 

■ -0 40 

-0*10 

: - 0 l»6 

1 0*20 


- 0-12 

-0-07 

♦ l)-23 

1 0*m2 

014 

Barani wheat ^jrani , 

f Dona Lohnda 

N „ Charhda 

1 Sirw a] 

( Dona liehnda 


013 

0-14 

1 - 0 19 

i 0 23 

0-37 

()*3t 

019 

0*3J 

i 0*35 

Barani gram 

-0 64 

-0 33 

-0*11 

0-37 

! -0*41 

s „ Charhda 
(Sirwal 

~0-43 ! 

1 

- 0T)1 

-0*19 

-0*31 

1 0 35 

Barani all cropi 

( Dona Lohnda 


-0 23 

-0*20 

-014 

‘ 0*22 

s ,, Charhda .. 
(Sirwal 

-0*40 

- 0-40 

0*17 

0*32 

i 0*?4 


- 0-42 

-J)*32 

-0-07 

-0^4 

1 0-2S 


The Dona Lehnda results are for the 30 years 1880-1915. For 
Dona Charhda and )Sirwal for 1901-1915. 
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A noticeable feature of the £gares m the high native 
correlation with September rainfall, additional evidence, were any 
necessary, of the value of a moist seed bed for germination. 

I have not had sufficient time at my disposal to discuss in 
great detail the results for all three Assessment CSrcIes, and for this 
reason it was necessary to limit the further analysis to a single 
crop and ia, single assessment circle. Accordingly- the most 
important crop, wheat, has been selected, and that Assessment 
Circle in which the rain gauge is situated. 

I emphasize only the Dona Charhda figures for unirrigated 
wheat which are : — 



September 

December 

January 

February 

March 

Whole period 1886-1015 

-0-80 

-0-30 

-0*27 

-0-19 

‘ 0-24 

First „ 1886-1900 

-0*26 

-0*25 

-0*46 

-oez 

-019 

Second „ 1901—1916 

-0*37 

-0*40 

•016 

-0-26 

•0 26 


These figures are consistent infer se and with all the other 
Circles and crops and their significance is accordingly greater than it 
would be if measured merely by their probable errors. 

On the figures of the last 15 years I have calculated a provisional 
regression formula based on the erroneous assiunption that the 
rainfalls in these five months are not correlated to each other. 

Actually there is no significant correlation between the rainfalls 
of December and February, January and February, February and 
March. 

In fact the February rainfall seems a very detached effort, but 
there is a substantial correlation in the rainfalls in the other months. 
The concordance between calculation and fact is shown in 
Diagram III. The agreement would have been much better had 
these mutual rainfall correlations been taken into account, but a 
multiple regression formula based on six variables takes a long 
to evaluate time and on account of pressure of much other work 
I had to al»Q4pn it. 

KiT^^e-0(ihod. Moreover, Dr. Simpson having drawn my 
attentic^lto an alternative, and in some ways a preferable method 
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dealing with the problem, developed by J.^. Kincer in the U.8. 
Monthly Weather Review of February 1916 for dealing with the 
yield of cotton in Texas, it seemed of importanoer to apply the 
method to yields of Indian crops. Kincer’s results being so good 
that a correlation of 0*88 is obtained. 

Kincer assumes that the most favourable conditions for cotton 
are the normal ones, and that any departures from these, whether 
above or below, whether of rainfall or temperature, are harmful. 
There would seem to be a priori justification for this in dealing 
with & crop with centuries of development in a single place behind 
it, but expert opinion would be advisable before adopting it for 
Indian crops particularly for imported plants 

Kincer adopts c'^rtain numerical values for the hamr done by 
rain, or heat, or cold, according as a plus deviation follows a plus 
deviation, a minus a minus, and so on, thus 


Kainkall 
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May 

June 

j July 
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Soptember 

+ following: + or 0 
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8 

8 

4 

4 

4 
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4 
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•> 

1 2 

o 
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6 

i ^ 

10 

H 

,, (1 or i 

.> 

*2 

8 

1 “ i 

8 

4 
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Naturally a sequence of months with the. same depaiture from normal 
is weighted as the most harmful. 

He has a similar table for temperature : — 



April 


|H9| 

July 

Aiigutt 

( 

' September 

+ Temperature with 0 or + 
i-aiii. 

1 

1 

1 

1 

1 

1 

+ T with - R 

1 

i 

1 

2 

2 

2 

1 

- T with - R 

1 

3 

2 

2 

2 

2 

-Twith + K 

1 

4 

4 

1 ^ 

2 

2 


He has in addition certain slight modifications of the value to be 
introduced when during several months the same conditions obtaip. 













^ Jl» are slat^ have heea ei^pirw^^ 

:■ i^&exhl loiowleijge <rf the eifeot or plant devdopnoei^ ot eertatn 
'eombmadoiffi ^td: weather,** but what oonstitutee a plhs, «9ro or a 
; ifiihtis di^artuxe is not stated exoept that 0*3 oi an inch of rani less 
than the normal for April or May is considered as minus. 

AppUoation of Kincer’s method to mirrigaied wheat. In applying 
Sneer’s method to the yield of unirrigated wheat in Jullundur 
District, it seemed much better to assume that all departures of 
ram above the normal are beneficial and vice versd, not because 
this is true for all crops in all places, but because with the soil and 
rainfall which actually obtain in that district, it is very rare for 
’ excess of rain to be markedly harmful. 

In order to make the* scheme as little arbitrary as possible the 
rainfall distribution curves have been plotted for each month, and 
divided into three equal areas which are marked — , 0, + respectively. 

The trichotomy is exhibited in the acoompanjung Diagram IV. 

Thus 
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Kainfalls in each month are then weighted according to the 
following scheme (September rainfall weight = 5). 
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Tlie only modification which was 

iiooessiiiy io llii.s was tli(‘ 
- • 1 • 


addition of tlie factor 20 to every 0 above 2 in imniber occurring 
in the montbs .Septeniber, December, .lamiary, Febniary and 
March, thus indicating tfiat long continued normal conditions are, 
as in tlie case of cotton in Texas, very favourable. 

Tire weighted rainfall in each month’ was added together, and 
a coefficient of benefit B obtained, and this was conelated with the 
area of uninigated wheat for 1900-1916. The coiTelation is — 0-91, ’ 
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even higher than Kinoer’s figure of 0’88. The formula giving the 
percentage of failure in terms of the coefficient B is 

K = 24*2 - -SOB. 

The khardba calculated from this formula is plotted with 
the actual figures of Miaraha in Diagram V. I think the agreement 
of the two values shows that the formula is a very good one and 
affords a posteriwi justification of the hypothesis. 

The introduction of suitable corrections for other climatic 
factors, such as temperature, sunshine, evaporation, precipitation 
in the form of dew, wind and the like would improve the prediction 
still further. 

Betterment op Prediction. 

Sitbsoil water. The method of correlation is not a method 
apart, dissociated from other methods of analysing observed facts ; 
on the contrary, the more physical and chemical laws we can make 
use of before we start correlating the better. 

For example in forming the prediction equations for sown 
areas, we have correlated rainfalls in August, September, and 
October with the areas sown in September, October, and November, 
but what we really want to know is, what the cultivator has a 
shrewd knowledge of, when he puts in his crop, and that is the 
state of the subsoil moisture, and also the temperature of the 
seed bed. 

The problem is, given the rainfall and temperature throughout 
the monsoon period, what is the distribution of the subsoil moisture 
when rahi sowings commence. I have been unable to find even 
in Leather’s valuable researches the complete answer to this 
question. He has indeed shown,* that if evaporation is an 
exponential function of the time, the quantity of water in the fii-st 
seven feet of Pusa soil can be found from the kno\vn temperature 
and humidity from September till June, but as the question of run-off, 
which in the monsoon is all important, is not quantitatively worked 
out, it does not seem possible to apply the results without further 


* Leather, J. W. Water retiuircinonts of crops in India. Mem. Dej)t, of Agri, in Ind'm 
Ch^m, JSer, vol. 1. no, 8. ^ 
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experiment to the Punjab. It seems very* desirable to repeat 
the Pusa experiments in all typical Punjab districts, and it should 
be possible as a result of them to state once for all a formula giving 
the soil moisture at the close of the monsoon, for each foot of subsoil 
^n terms of the antecedent rainfall and the size and nature of the 
particles composing the soil. 

The complete hydrodynamical solution of the movement of 
the subsoil water has not so far been obtained, but on the assump- 
tion that the velocity is proportional to the first differential of the 
relative saturation of the soil and that the ratio of surface of all 
particles per unit of volume to the saturation quantity of moisture 
is constant, an integrable equation results, for a linear change of 
particle surface with depth. 

This is a great limitation. Further experiment in this country 
is urgently required, and from a sufficiently extended series of data 
assumptions could be made leading to a more or less accurate 
general solution. 

Lastly as to the determination of yield, what we want to know 
is not merely yhat are the optima conditions of soil moisture and. 
temperature, but what effect defective conditions have. Thus 
want of water in the first stage of growt.h is said to mean short 
stalk, but not necessarily small grain ; in the later stages water is 
essential for grain development. 

What is the quantitative expression of this law ? 

According to Warren Smith, American corn requires between 40 
to 80 per cent, of the saturation value of moisture for its most 
favourable development, but exactly what will be the development 
of a plant which has, say, 40 per cent, of moisture in one month, 
30 per cent, in the next, 20 per cent, in the next, 30 per cent, in the 
next, and so on 1 

In particular, what in each stage of development is the minimum 
requisite to support plant life.* 

* Leather's researches throw some light on this pr&blem, Vol. 1» No. 8 of the Memoirs of 
the Department of AgricMltvre in India, page 146, which shows that for unmanured wheat, an 
increase of soil moisture from 10 to 20 per cent, increases the grain weight by about 80 per cent. 

(CofUintted on page 102). 
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#irmet]iod of oonrelation 
PH^se us to e^bJish ptWit of both sovnngs j^'eld, 

rejoesoa^ vritb oooozMjri'l^ elitoii isinfall has. on tl |0 oiops. 
Hfhey tKWld luidcwibmiy bo iitf^Jovod by oonsMterii^ 4Hbt in 
partun^, of piioes, orop tempOMtiiSre, m^cfo- 

oatablished ^osntHatiire laws as to mbsoi] moistwe and 
mMopment. Evan, m it is, the formolse obtained m this 
pa{M»t naya a definite pnwHiioal value which modem statesroamh^ ' 
cannot aSo^ to ignore. 


. — ^In conclusion I wish to express my thanks tO the 
I’.jhindlllHKl of Pr. Gilbert Walker and Dr. Simpson in having most of 
many ooeffioients ot correlation oaloolated. 


Ite(w«an lOl^ttdSOpttrcent. the weightof orop fncreatses nearly m a linear fuehion with 
lii^riaae ^ moiatare^ but though m the oaae ot anmauuiotl wheat dimination of otftturn might 
betiaear down to lero moietiire it U certainly not so foi l^cather's expenmenti in the oase of 
tukhured wheat, and m partioulai it is important to know what happens with greater 
»1lp(bration than SO pei cent Even thii prehminaiy knowJelgc for a pot onltare with a 
ipIMoentage saturation kept constant throqghont the period of development, would give a 
^ Ig^otion closely correlated with the actnal yield* 




DIAGRAM VI. 

DONA CHARHDA (Rabi Crops Sown.) 
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DIAGRAM XI. 

EFFECT OF SOIL SATURATION ON YIELD OF WHEAT 



PERCENTAGE OF WATER IN SUBSOIL 
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EDUCATION IN ITS RELATION TO AGRICULTURE.* 


RY 


BERNARD COVENTRY, O.I.E, 

AfjricuUnral Adviser to the Goveinment of' Indt a uni Liyertor of the Fnsa 
Ao'i ionlturul Research Institute 


I juu no ediii-atoi', no toaolun* ; I liave nia(l(‘ no psurhologioal 
study of young peo])lr from uJi ediicaiK>nal ])oin1 of view, tiorof 
t,he diffej*ent niotliods of teai'Iiing suited to ditTeivnl ages, no statis- 
tical ijivestigation of tlie iiifiueiK e <if partic ulaJ* eiirricuda in training 
tlic mind oi* fiirn^ ming it witli useful iido]'niatio]i. 1 lmv(\ in slioit, 
noitlior made < onh'ihutions to the scienc<e of edneation nor practised 

<,lie art I e,an speak only as a nienitjer of tlie 

general public^ not as an expert not that 1 regard 

the view of the general public as unimportant 

Tlie general public must, as all will admit, de(*.ide whfil is to be 
spent on ediu ation oi*, more strictly, on schools and colleges and 
professional educators, out of both public a?)d^ |)ri\'ate incoine- 
it is for them to decide on its relation to othe?- social and family 
needs. But the concern of tlie public with education is not merely 
financial and administrative. It is more intimate than that. For 
education is not a subject like physics or chemistr y on whi(*h only 
an expert lias a right to an independent view. There ai*e, no doubt, 
aspects of it of which only the expert can properly judge, tlieie are 
experiments in it Avhii'h only the expert can advantageously try, 
and there are, of course, depaitnients of it in which thc^ opinion of 
the expert is indispensable. But withoiit depreciating either the 
science and art of education, it is clear that when we take edm ation 
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in its widest sense it concerns everybody and almost everybody 
is bound to have views about it.” 

These words were spoken by no less a person than Mrs. Henry 
Bidgwick in her address as President of the Section on Educational 
Science at the recent meeting of the British Association at 
Manchester. 

I feel like Mrs. Sidgwick that T am “ no educator and no teacher ” 
and that an apology or at least an explanation is required from 
me for troubling you to-day in a subject on which 1 am not an 
expert. But when we have it on such an authority as Mrs. Sidgwick 
that education “ concerns everybody and almost everybody is 
bound to have \dews about it ” I feel I have a measure of sanction 
for imposing my views upon you. I do not propose, however, to 
make full use of this sanction and tell you all I think about educa- 
tion, but I propose to restrict my remarks to education in its relation 
to agriculture and further with the exception of an introductory 
statement dealing with a few facts, I do not propose to say much on 
the education of vouth, hut of that of the adult. You will 2 )rohably 
all admit that this is quite a novel and peculiar way of dealing 
with the question of education, but I trust you will find it none 
the less interesting and instructive. J should like to say before 
I go any further that I claim no credit for the ideas I shall place 
before you. They all come from America and, like every thing that 
comes from that wonderful country, they are exceedingly “cute” 
and practical and in my opinion are eminently appliiiable to 
India. 

The population of British India comprises over 255 million 
souls. Of this vast multitude 80 per cent, or over 200 nnllions, 
that is to 8ny, 4 in every 5 are dependent on agriculture. Any 
educational system therefore which does not take into considera- 
tion the relationship it should bear to agriculture is likely to be at a 
disadvantage. It is on the importance of this aspect of the educa- 
tional problem J intend to address my remarks. Now out of the 
whole population, 7^ millions or about 3 per cent, are scholars, 
though 16 per cent, or 36 millions are of the school-going age. Thus 
only 20 per cent, of those of the school-going age receive any 
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eTluoation at all. Of these 7| million schools, about 1 million 
proceed to secondary education and about 40,000 reach a University 
career. * 

In judging of these figures in relation to the agricultural industry 
it should be borne in mind that the percentage of scholars is much 
higher in the urban than in the rural areas and also that a very large 
number of rural scholars never get more than a mere* smattering 
of the most elementary education ; so that educational efficiency 
in rural areas is very much lower than the official returns of general 
education would indicate. I may appropriately refer here to a 
small brochure entitled “ A Policy of Rural Education ” by Mr. S. H. 
Fremantle*, the Pollectoi- ol Allahabad, wliich lias quite recently 
been jiublished and N' hic.h is well worthy of perusal. He complains 
liow both in urban and rural scliools education is too literary and 
liow pi imary scliools are worked for the benefit of that small section 
wliich can afford a secondary education and not in the interests 
of the overwhelming majority of agriculturists, most of whom 
abandon their studies after a few months. I think Mr. Fremantle 
is right. It meiins that very few indeed of the agi'icultural popula- 
tion get .my ed.ication at all, and that, as a class, it can be put 
down as almo.st illiterate. The authorities have not been ignorant 
of these facts, and it is not from want of trying to improve matters 
th:it things are at such a low ebb. Much has been done in rei'ent 
years to improve our system of education, especially in its relation 
to agriculture and the subject may be said to have received an 
unwonted measure of attention. In 1901 an important conference 
was held at Simla presided over by Lord Curzon which led to a 
complete overhauling of the existing educational machinery. A 
policy of reform was then started, the vitalizing influence of which 
is felt to this day. A department of education was created with 
a member of council in charge. Money grants were increased and 
they have still further increased, as a result of keen interest taken 
by the present Viceroy Lord Hardinge who has made education a 
special object of lus attention. Thus the total expenditure which 


^ “ A policy of Rural Rducation ” by S. H. FremanMc, c.i.E, Newman, Calcutta, 
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in 1901 was 4 crores; to-day is over 10 crores. The number of pupils 
in 1901 was 3| millions, to-day it is 7^ millions. Interest has been 
stimulated in every quarter and expansion is noticeable in every 
branch. 

Agricultural and rural education have had quite a fair share 
of attention, and the need which exists for connecting the teaching 
of the schools with our chief industry has been and still is fully 
recognized. I therefore do not complain of want of endeavour. 
But it cannot be said that these effoi’ts have been crowned with the 

H 

success one would have wished. But if we have to admit failure, 
whether complete or partial, we have gained considerably by the 
discussions which have resulted and by the light which has been 
thrown on the difficulties inherent in the problem. 

The occasion when agricultural education first seriously engaged 
the attention of Glovernment and the people was in I9(>4, when the 
policy for improving the agricultural industry was started by Lord 
Curzon. At first it was the intention to restrict efforts to improving 
the industry itself, but later, influenced no doubt by the examples 
of advanced schemes abroad, the Government elaborated a policy 
under which not only research and experiment, but agi’icultural 
education proper, formed an important and integral part. Large 
sums of money were devoted to the erection of agiicultural colleges 
in nearly all the Provinces. Syllabuses were prepared by the Board 
of Agriculture and the Colleges were empowered to grant a diploma 
of Licentiate of Agriculture. At first signs of success were not 
wanting. Candidates freely offered themselves for admission and 
there was found no difficulty in filling the colleges. However, as 
time rolled on, a decline in admissions became perceptible until the 
year 1913 when, in some colleges, the position became acute and the 
matter was brought up for considei-ation before the Board of Agri- 
culture. The proceedings of the Board in that year indicate the 
general failure of the schemes drawn up in 1906 and 1908, and we 
find it expressed that the courses were found not to be suited to the 
class of students for which the colleges were intended, that the 
demand and Utility for the course is obscured by its being made a 
road to a degree, that college graduates engaged on the subordinate 
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stafE of the Agricultural Department, with very few exceptions, 
failed to show any power to develop any original line, that intelligent 
inquisitiveness and power of independent thought was lacking, 
that the course engendered too much cram and too little power 
of application, and so forth. What was the root cause of this failure 
would appear to be explained in one of the resolutions which stated 
“ that the general standard in the Matriculation or ‘University 
Entrance Examination does not provide a sufficient basis to enable 
a student to take full advantage of the higher instruction obtainable 
in the existing agricultural colleges in India ” and the Board 
recommended that a general higher education is necessary in all 
students admitted to such a course. In other words, it would appear 
that the standai'd ni general education in the country was too low 
to afford suitable, material with which to man coUegos of such an 
advanced type as those which had been set up by the Agricultmal 
Department. 1 n fact the colleges as educational centres were ahead 
of the times — primary and secondary education was too backward. 
Consequently tlu lizard suggested a compromise .by lowering the 
standard of tlie (iollcge curriculum to meet existing eonilitions and 
expressed its approval of a two years’ preliminary practical course, 
which had been prepaied for ilie agricultural liollege at ('oimhatojc 
as an introduction to the more advanced c.ourse. Jlany of the 
colleges have since ado]>ted this, with the result that admis- 
sions have c;ousiderably iiKU iiased. W hile we may ex])ect that the 
Department will benefit by an increase of reciaiits foi- filling it'< 
subordinate posts, it has yet to be seen how far the education of the 
cultivators wu’ll be influenced by the change. My own view is that 
these colleges as instruments for educatiem will not accomplish 
very much, for the simple leason that they are ahead of the times 
and that there can be no real demand on the part of the youth of 
the country for an advanced agricultural course until considerable 
progress has been made in primary and secondary education and in 
the improvement of agricultural methods. Not until the industry 
is more highly developed and the stdi’dard of living has been 
raised, will there arise a demand for higher education amongst the 
agricultural classes. ' 
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The creation of agricultural colleges, however, is by no means 
the only effort that has been made to improve the education of 
our agricultural youth. Agricultural schools under the supervision 
of the Agricultural Department have been started in some provinces 
which were commended by the Board. They give considerable 
promise of success and, in my belief, deserve eveiy encoxiragement. 
Also, there have been attempts in all provinces to set up a system 
of rural education by imparting instruction based upon the agri- 
cultural surroundings of the children, and endeavours have been 
made to use nature study as a means to that end. But so far the 
results, we must admit, have been of a microscopic character. 

But there is a form of education which is not included in those 
1 have mentioned and is unknown in India. It is a form of 
education which has been adopted in certain parts of America and 
which has of late attracted a considerable amount of attention. 
It is in my humble opinion applicable to th<^ conditions existing in 
India and offers opportunities in which officers of the Agricultural 
and Educational Departments could profitably coml)ine to make 
the problem of education of the masses easier and more efficient. 
1 will give a brief description. 

In America general education is carried on chiefly by the 
Govermnent by whom large sums of money are yearly allotted 
to the cause of education, but privately supported colleges are 
abundant and both these and Government schools are largely 
assisted by private benefactions, the most important of which arc 
controlled by a private body known as the General Education 
Board. 

Ton years ago great interest liad arisen in the upraising of the 
8outhevn States whose industrial and educational conditions had 
fallen very much behind those of the Northern States. Conditions in 
the Southern States resemble in many particulars those which obtain 
in iTiral India. About 80 per cent, of the population is agricultural, 
depending for its livelihood almost entirely on the produce of the 
soil. There was great backwardness in both educational and 
industrial- progress. Unfavourable economic conditions existed 
which were mainly the result of rural poverty. While the average 
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annual earnings of agriculturists in the Northern States were more 
than 1,000 dollars, those in the Southern States were as low as 160 
dollars. Under the auspices of the General Education Board an 
enquiry was set on foot to study the educational coiulitions in the 
Southern States and to devise the ways and means for improving 
them. The very practical way in which the enquiry was conducted 
is characteristic of the American people. .Surveys w’eie planned 
State by State. Confei’enoes were held. Monographs weie preparotl. 
dealing with tlie various points on tJic organization of education. 
The conclusions which resulted from this enquiry are peculiar. 
To quote from the Keport, it “ convinced the Hoard that no 
fund, however large, could, by direct gifts, contribute a system 
of public school.'^ : that even if it were possible todeveloj) a system 
of public schools by private gifts, it would be a positixi* disservice. 

The ])ublic school must represent community ideals, 

community initiative, and community support, even to the jioint 
of sacrifice." The Hoard therefoie resoh'ed that assistance .'<hould 
be given not be foisting upon the iSoiithetn iState.“ a programme 
of education from outside, but by aiding them and co-operating 
with tJicUi in edmaiting themselves. When. howe\ er. it proceeded 
to ajiply these juincijiles it was faced with the following initial 
dillicuities. 'I'hey found the peojile had not enough money. “ that 
adequate development couhl not take jilacc until the available 
rcsouriais of the people were greatly enlargeil. School s}', '•terns 
could not be given to them, and they werenqt jirosjieroiis enough 
to sujiport them.” “ Salaries w'cre too low to siqiport a teaching 

profession Competent professional training could 

not exist ; satisfactory eququnent could not be provided.' These 
conditions were piamarily the result of rural poverty. The great 
bulk of the people was not earning enough to provide good schools 
and the prime need was money'. The Board therefore came to the 
conclusion that it could render no substantial educational service 
until the farmers could provide tliemselves with larger incomes, 
and consequently they resolved that it was necessary first to impiove 
the agriculture of the Southern States. Now mark what followed. 
The Board was first advised to address itself to the rising generation 
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and to support the teaching of agriculture in the common schools. 
But after thoughtful consideration this plan was rejected. They 
found that m the absence of trained teachers, the effort was 
impracticable ; moreover, there were no funds with wliich to 
pay such teachers, and tlie instruction itself would not materially 
(jontribute to its own support. Finally, it was impossible to force 
intelligent agricultural iusti uc.tion upon schools whose patrons were 
not themselves alive to the deficiencies of their OAvn agricultural 
methods. Until the public, was convinced of tlie feasibility of 
superior and moic productive methods, the jiublic sidiools could 
not be reconstructed ; once the public was convinced and by 
reason tlioreof luittcr able to stand the increased cost, the schools 
would naturally and inevitably re-adjust themselves. 

“ It was therefore <leliberately tlecided tf) undertake the agi'i- 
cultural education not of tlie futui-e faiiner, but of the present 
farmer, on the theory that, if he couhl bo substantially helped, h(i 
would gladly suppoit bett(‘r schools in more and more liberal 
fashion. ’ 'I’he Board, therefore, set about an extensive encpiiry as 
to the best means of conveying to the average working farmer of 
the South, in his manhood, the most efficient known methods of 
intelligent farming. As a residt of this emjuiry a movement known 
as the (\)-operiitive Faiiu iJemoiustration was set up. A year was 
spent in discovering the most efl’ective methods of teaching improveil 
agricultural methods to adidt farmers. Dj’. Seaman Knapp of 
the United States, Department of Agriculture Avas engaged to 
s1k>w farmers how to improve their agricultural methods and raise 
the standard of their industry. It \vas not long before successful 
results were obtained.. Under improved treatment it may be 
roughly stated that the croji yields Avere doubled. Thus in 1909 
the aveiage yield in pounds of seed cotton was u03d) per acre : 
on demonstration farms the aAmrage aa'us 90()‘1 pounds ; in 1910 
the figures Avere 512'1 and 8o8'9 respectively ; in 1911, 624‘6 and 
1081-8 ; and iu 1912, 579-6 and 1054-8. 

In the groAving of corn similar results were obtained. In 1909 
the ordinary .average yield Avas 16-7 bushels per ac.fe, Avhile on the 
demonstration farms it Avas 31-7 bushels per acre. In 1910, 19-3 



ISDOCATION IN ITS KELATION TO AGRICULTURE 


0 


and 35'3, in 1911, 15-8 and 33-2 and in 1912, 19 (} and 35-4. Jt is 
further stated that the poorer tlie season, tlie more cjearly did tlie 
demonstration metliods prove their superiority. Tlie work was 
also studied from the standpoint of tlie farmer's hnancial jirofit. 
“ Tn Alabama, for example, in 1912, the average yield of lint cotton 
was 173 pounds per acre ; but demonstration acres averaged 428'3 
pounds. Demonstration methods, therefoie. netteil the faiTiier 
255’3 pounds per acre. At the average prute of (>5 dollar;' a bale 
for lint and seed, the farmer made an c.xtra 33 dollars ])t’i acre: 
as there Averc 8,221 acres under cidtivation on the demonstration 
methods, th(i total gain was 271. (HK» dollars. In t,he same vcar 
7.402 acres were under cultivation in demonsl ration corn. Demon- 
stration acres atciauc. I 2(i !) bushels more per acre than the general 
average for the State, 'l-’hc demonstration farimns of the Statif 
pdfiketed I39,379 (i0 in conse(|uence." 'riiis was of course in one 
State alone. Thcsif methods have not boi'ii ri^stricted t(» (jottoii 
and corn, but have Iteen a])pli(!d to a very larg(3 nundier of crops 
and the profiagan n is not limited to cultural methwls. but is applied 
ei(ually ^o the improvement in farm ecjuipment. more tomfortalile 
houses, lietter liapiis, stronger teams, better implements and cleaner 
and healthier surroundings. Hence it is claimed that the beneficent 
results of this work ai’(' not limited to linancia) profit and cannot 
entirely be measured by money. Chaiactcrist ic examples of the 
relief Avhich the new system brought are cited, but. mie example 
will siihico. In Mississijipi .> years ago the A’lilue of a certa'n 
farmer’s produce was one dollar iier acre, and he Avas KOO dollars in 
debt. In 1909 his entire farm was worked under the (ioAernmeut 
method. He averaged 1.100 lb. of cotton -figainst his neighboui's 
300 to 400 lb. lie made besides 500 bushels of corn and from one 
special demonstration acre realized 152 barrids of high class seed 
Avhicli ho sold for 300 dollars. His debts are uoav ipaid and he has 
cash in the bank. So much for the education of the adult farmer. 
We now come to the effect this movement has had on the education 
of youth. We are told that the initiatton of denionstiation Avork 
and the application of the principle of co-02)eration has resulted 
in the disappearance of the disorganization characteristic of rux'al 



10 AQUlCCLTORAL ^oUHNAt Of IlfOIA [XI, I. 

life. Colleges of apiculture, farmers’ institutes, agricultural high 
schools, “ Boys’ Corn Clubs, ” “ Girls’ Canning and Poultry Clubs ” 
and the like have been brought into existence where practically 
none of these things existed before, and that the social and educa- 
tional awakening of the rural South is recognized as being a bye- 
product of the demonstration movement. Statistics show that the 
provision for schools has steadily increased. Thus the expenditure 
for public elementary and secondary schools in North Carolina 
which was 1,091,226 dollars in 1901, is 4,3(K),000 in 1913. In 
Soixth Carolina the expenditure which was 961,897 dollars in 1901 is 
2,609,766 in 1913, Arkansas 1,369,809 and 4,279,478, and so forth. 
These instances give but meagre examples of the important results 
achieved by the demonstration movement. Kor greater detail 
I must refer you to the Report’ itself. 

I think you will agree with me that the educational policy I 
have described is novel and peculiar. AAlicn 1 say novel, T do not 
mean that demonstration work has not been used before among 
farmei-s and cultivators. We all know that it has, l)Ut it is novel 
in the sense, that never befoi'e, so far as I am aware, has demonstra- 
tion been used in any comitiy as a force and weapon for education 
so as to make it a condition 2 >re<;edent to the cdxxcation of youth. 
It is a new experiment but a new experiment of a remax kable kind. 
The results indicate that it is no use to try and educate youth if you 
do not first secure the welfare of the community to which it belongs 
and that therefore the development of resources should precede 
education in order of time. What tlie American General Board 
of Education says to the farmer in the Soxithern States is — You 
are too poor to supply your sons with education ; we coxild assist 
you, but we do not consider it proper to do so, unless you yourselves 
contribute. As you cannot do this, we xvill assist you to increase 
your earnings so that you will be in a position to provide yourself 
with schools. When you have done this we will assist you further. 
We consider that it would be wrong for us to directly edxicate the 
rising generation, if you are not able to participate ; in fact we believe 

General Edneation. Boards An Account of lU Aotiviiiei^ 1902— »19H. 61, Broadway, Now York* 
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that it would be a positive disservice for us tO do so. Your schools 
should be started by yourselves, they should represent community 
ideals, community initiative and community support even to the 
point of sacrifice. 

We have seen how the experiment lias succeede'l. Might we 
not with advantage apply the same principles to India ? Might 
we not invite the co-operation of the Agricultural Depaitment in a 
general s^eme and policy of eductition ? Is there any likelihood 
of success without this ? Can we hope to give the youth of this 
country an adequate educational service unless we go t > the root 
of things, like the Americans have done, and enlist ami increase the 
activities of the Agricultural Department in enlarging the resources 
of the cultivator and thus build om educational .system on the 
•“ncreased prosperity of the agricultural Cilasses >. 'J’hcjse ai e the ques- 
tions 1 desire to offer for consideration. India is in no better 
^position than the Southern States were 10 years ago. Indeed 1 
think we may safely assert it is in a far worse position. Tlie average 
earning.'* of imlividiials in tlie Southern States. at that time were 
150 dollars. In India, according to some authorities, under the 
most optimistic; (;alculatious, they are as low as R,s. 30 per head. 
Von must agree this gives little or no scope for .'•elf-help. It 
tliereforo seems to me plain that under present conditions we cannot 
expect the country to supply itself with the means for an advanced 
system of education. Nor can Govermnent be expected to do so, 
for Government’s resources are limited and depend upon taxation 
and that in tm-n depends upon the ability of th6 people to be taxed. 
All Government can do is merely to touch the fringe of tlie problem 
aud supply a modicum of education ; it cannot afford to do more. 
Mr. Fremantle very well describes the situation when he says : “ We 
should surely pause to consider whether the time is ripe for the intro- 
duction of a system of general primary education into rural areas. 
It is a question wliethet we are not beginning at the wrong end 
and whether primary education can make any real advance before 
there is a substantial improvement in feconomic conditions.” These 
are words which the devotees at the shrine of the policy of free edu- 
cation for the masses might with advantage ponder. 
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The question then is whether we can, in any way, make the 
principles which have been so successfully applied in America, 
applicable to India. My bebef is that we can. We have practically 
the same conditions here as obtained in the Southern States 10 years 
ago. If anything as I have shown they are a good deal worse. But 
this is no argument against their adoption. Rather the reverse, 
for the lower the degree of prosperity, the greater is the need for 
increasing it. Already in the Provinces a great deal has- been done 
by the Agricidtural Department in the way of demonstration of the 
character described and utilized by the American Board of Educa- 
tion. But it does not go far enough. It, however, forms a nucleus 
on which to expand and might well be used as a beginning. The 
work is on the right lines. But we require to do more. We want 
more men, more money, wider organization, but above all, we 
require the recognition amongst all classes that in tins work lies 
the germ of future progress. This is a point ^^’hioh is not genei-ally 
recognized, or, if so, it is certainly not acted upon. While the money 
spent to-day on education is over 10 crores of rupees, that on agri- 
cultural development is only 50 lakhs. That shows that we have 
not yet got to view these two impoi-tant problems in their right 
perspective, and do not fully realize the important relation which 
agriculture bears to education. Many think that the development 
of agriculture depends on education, and we gave effect to that view 
when we started our agricultural colleges. But woidd it not seem 
that the truth lies in the opposite direction and that in a backward 
country like India lihe advance of education is really dependent on 
the development of agriculture, and that the best form of education 
you can give to the rural classes under existing circumstances is 
demonstration in improved agricultural methods ? It was found 
to be so in the Southern States of America and we have no reason to 
suppose it is otherwise in India. To carry out the idea it is not 
necessary to bring our present educational policy to an end. I 
would not propose anything so revolutionary. Government must, 
as I have already explained, supply a modicum of literary teaching 
and this must Continue, but it would be an immense improvement 
if ‘the Agricultural Department were called in to co-operate and 



BDCCATION IN ITS BBLATION TO AGRICULTURE 


13 


demonstration were given a large share in tKe general scheme of 
education. 

We could not be expected at first to progress with the same 
degree of rapidity as in America, because we have to do a large amount 
of research and experiment before we can demonstrate improved 
methods on a large scale. In America the advanced stage in the 
agricultural development of the Northern States supplied ready at 
hand the stock-in-trade required for at once setting in inution the 
demonstration movement in the backward Soutliern States. We 
are not so forward. Still we have achieved enough with our small 
band of workers to sliow that the same kind of work can be done out 
here and that all we require is expansion. Given the means for this 
(and who will say it would be a bad investment ?) and a recognition 
of demonstration as an integral part of a general scheme of edu- 
cation, and I feel siu e we shall, by such a policy, lay the best and 
securest foundations for the advancement of education as well as 
of the prosjierity of the ])e<.)])]e. 
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One of the main directions in Avfiich Indian agriculture can 
be improved is in the proper use of irrigation water. Overwatering 
is the rule throughout the Continent, particularly on tlie alluvium 
of the Indo-Gangetic plain and in many of the deltaic areas of 
Peninsular India. Among the many evil consequences of over- 
imgation is the development of a superficial root-system, wfith the 
consequence that many of the irrigated crops are particularly 
liable to drought and can only be ripened by the use of enormous 
quantities of water. Even in arid tracts like Baluchistan, where 
water is exceedingly s(?arce and land abundant, similar wasteful 
practices are in vogue and but little real use is made of the present 
suppUes or of the rainfall which, in this region, though small, is 
particularly well distributed. With the object of drawing atten- 
tion to these shortcomings, the water-saving experiments described 
in this paper, have been carried out. The opportunity has been 
taken of stating very briefly the main principles on which the right 
use of irrigation water depends. 

( 14 ) 
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I. The Agricultural Factors in the Quetta Valley. 

The general agricultural conditions in the Quetta valley resemble, 
to a considerable extent, those of large areas of CefttralAsia and 
are markedly different from those of India. The valley is situated 
at an elevation of about 5,500 feet above the sea and is surrounded 
by high mountains. There is a gentle slope from the sides to the 
centre and the main drainage line is westward. 

Soil. The soil varies from brown to black in colour and resem- 
bles the alluviimi of the Indus valley in general appearance and 
texture. It is a loess deposit, apparently formed by accumula- 
tions of wind-blown dust, sometimes mixed with alluvium. With 
such H geological history and in a climate of great aridity, there 
have been no opportunities for the accumulation of organic matter. 
It is not surprising therefore to find that stable manure and green- 
manuring lead to an immediate improvement in production. Most 
of the soil of the cultivated areas does not possess a great range 
in the size of the particles and behaves on wetting very much like 
the Gangetic alhiviimi. Flooding destroys the porosity and the 
surl'a(‘e o-uns Together easily. Under the dry, hot winds which 
are freipieut ai. (hietta, irrigated land sets on the surface into a 
oement-like mass, which cra<*ks in all directions and rapidly loses 
its moisture. There is a great response to aerating agencies such 
as heavy dressings of stable manure, the growth of a lucerne crop 
or green-niamuing Avith shajlal (Trifolimnresivpinalum). 

Rainfall. The total rainfall is Ioav, about JO’S inches a year. 
Most of the precipitation takes place during the winter months, 
November to March, often in the form of snow. The shallow, 
cold-weather depressions, which form over Persia and move down 
into North-West India, often pass over the Quetta valley, and, 
in doing so, deposit a portion of their moisture. It is to this cause 
'that the winter rainfall in this tract is principally due. The valley 
is outside the usual area of the Indian monsoon, but it sometimes 
happens that the storms which cross the continent from the Bay 
of Bengal, after depositing most of their moisture in Hindustan 
proper, break up among the valleys of Baluchistan. Those increase 
the humidity of the air and give rise to showers of rain during the 
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months of July and August, but the total quantity received is very 
small. 

Besides the winter rain, there are three chief sources of water 
for agricultural purposes — karezes, artesian bores and subsoil water. 
The usual method of irrigation is by means of the karez. This 
is an underground ditch on sloping land, which collects the sub- 
terranean water near the hills and discharges it on to the surface. 
It is really an adit with a slight slope, driven into a fan talus with 
a much greater slope of 300 to 000 feet per mUe. The land below 
the opening of the karez is watered by gravitation. The artesian 
bores as a rule are only about 100 to 200 feet deep and are of from 
three to four inches in diameter. The water comes from under- 
ground streams so that this method of supplementing the rainfall 
is largely a matter of chance. The distance to the water-level in the 
wells varies a great deal. In the (^ivil Station at Quetta it is often 
less than 10 feet, but on the higher land outside it varies from 20 
to 30 feet. Little use is made of this water at pre.sent for irriga- 
tion purposes on account of the expense and trouble of lifting it. 
There is little doubt, however, that in certain localities, this ground- 
water is made use of by trees. 

Temperature- There is a well-marked winter at Quetta and, 
from November to March, the general temperature is low. The 
summer months June, .July and August ai-e hot and, during this 
period, the minimum temperature is high. The mean varies from 
40° in January to 78° in July. The feature, however, of the cli- 
mate is the great daily range of temperature and the fact that 
during the winter there is a good deal of air movement. The diurnal 
range varies from 21°‘8 in January to 32°-7 in November. 

Humidity. Except when the south winds blow in July and 
August or after rain, the hiunidity of the air- is low, much lower 
than in many parts of the plains of India. The drying effect 
of the air is further aggravated by much air movement, often 
from the west. Evaporation is therefore rapid so that in fruit 
and vegetable growing, devices for checking the effects of dry 
winds are necessary. Mud walls, wind breaks of growing trees and 
.which shade the groimd, can be used for this purpose. 



THE SAVING OF IRRIGATION WATER IN WHEAT GROWING 


17 


IT. The Present Methods op Grotong Wheat. 

The wheat crop of the Quetta valley is produced iu two very 
distinct ways — under irrigation and as a dry crop. In both cases, 
the land is fallowed at least during the summer months preceding 
sowing. The feature of the irrigated wheat growing area near 
Quetta is the large amount of fallow land and the concentration 
of the available irrigation water on to a comparatively small area. 
Land is abuncUnt but Avater is scarce. IVliere manure can be. 
obtainetl, as in the region surrounding the Cauconments, it is freely 
applied for the production of this crop. 

Irrigated wheat. During the early part of the year a certain 
amount of rough cultivation is given to the helcls selected for wheat. 
When Canopus appears in September, the preliminary vaatering is 
given and, when the land is dry enough, the seed is broadcasted on 
the surfa(;c, the land cross-ploughed and then levelled Avith the beam. 
After 40 days, the first irrigation is applied followed liy the second 
at the end of December. W'atering is stopped during the months of 
January and FelLimry and the third irrigation is given at the end 
of Kebrii.iry. Tlieni is then a <;essation while the crop is shooting 
.ind th<‘ fourth application takes place about the middle of April 
followed by at least t wo more at intervals of about fifteen days 
till the grain lias formed. Including the })rcliminary irrigation 
before sowing, at least seven waterings are given for irrigated Avheat 
and, to obtain the highest yield, the land is always heavily manured. 

The most interesting and significant featurcs*of the crop are tho 
sloAV rate of development about the time the ears appear and the 
manner in whi(;h ripening takes place. The Avell-kuovvn chaiAges in 
colour of the ears during ripening do not occur at Quetta. The ears 
dry up doAvly from the tips rather than ripen and the full coloui of the 
chaff is not developed. There appears to be a factor which limits 
the rapid ripening of the crop and there is some evidence for sup- 
posing that this is Avant of air in the soil caused by the destruction of 
the tilth by frequent watering.’ Towards the end of the season, the 
temperature rises rapidly and the hot, dry, westerly winds set in. 


A Soil Ventilation, BvUeliv 62, AgricuUwrnl Bestnrth JneliMe, Pvsa, 1916, 
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Dry wheat. For the iminigated wheat, the fields (bmds) near 
Quetta are embanked. These are filled with rain or flood-water 
in the summer or wint&i after which they are ploughed and the 
seed sown. In other parts of the District, such as Pishin and Toba, 
the dry wheat tracts are seldom embanked and sowing takes place 
only when the rain and snowfall have given sufficient moisture 
for the putpose. Everywhere the dry crop is dependent on good 
rains in the winter and spring and sowing usually takes place only 
after the fields have received sufficient moisture. Dry wheat in 
the Quetta valley is a precarious crop and the yield rarely exceeds 
five maunds of grain to the acre. In parts of the Quetta tahsil and 
in the Alizai circle of Pishin, a system, known as garar, is followed 
in dry crop lands, the soil being prepared in September and October 
and the seed sown without moisture after which it is left till the 
winter rains cause it to germinate. 

Yield. The results of numerous crop cutting experiments in 
the District are summed up in the Quetta-Pishin Gazetteer (p. 102) 
as follows : — 

“In Quetta, 75 expeiiments were made in 1895-6 and the 
outturn of wheat per acre in irrigated land was found to be 15^ 
maunds, the highest being 17^ maunds in the Kasi circle and the 
lowest 14 maunds in the Raleli and Durrani circles. Mr. J. A. 
Crawford, in commenting on the items, remarked that the results 
of crop experiments were notoriously apt to be higli. Further 
experiments, made in 1903-4, however, showed still higher returns, 
the average in irrigated and manured land being 24 maunds 6f 
seers, and in irrigated land, not manured, 13| maunds. In other 
parts the average has been found to be as under : — 



Pishin 

Shorarud 

Chaman 



Mds. 

Mds. 

Land irrigated and manured ... 

26 

15 

15 

Irrigated land not manured 

16 

12 

10 

Dry land 

5 

5 

3 


The average yield per acre in land under the Government 
irrigation works in Pishin, which are not generally manured, has 
been as follows ; — 
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Mds. Sra. Ch. 
Bhebo Canal, 1892-3 to 1903-4 ... 5 32 14 

Khushdil Khan, 1892-3 to 1903-4 ... 7 34 * 9 

In such a manner is the wheat crop produced in the Quetta 
, valley at the present time. It will be interesting to exauiine criti- 
cally these processes in the light of the principles on whiQh agricul- 
ture has progressed in other arid tracts and to ascertain how far 
they conform to the best irrigational practice. 

III. The Principles Underlying Water Saving. 

In the growth of the wheat crop under conditions where the 
rainfall is twenty indies or less, experience has shown that, in order 
to obtain the highest possible yield, the water-conserving methods 
of dry farming must be employed. Where in such cases the rain- 
fall has to be supplemented by irrigation and the wheat crop has 
to be grown, partly by means of the natural rainfall and partly by 
artificial watering, it has been found, both by experience and by 
experiment, that 1 he best results are obtained by tlie skilful appli- 
cation of the following five principles: — 

1 . The irrigation water available should be spread over the largest 
possible area. This rule is based on the fundamental law that, as 
more water is applied to a field of wheat, there is a regular dimi- 
nution in the yield per unit of water applied. Tlxis will be clear 
from the recently published Utah results.^ 

Table 1. 


Yield of wheat with varying qnardMies of irrigeUion water. 


liic'lies i)f 



Pouiulft of 

j HusliL'ls of when 

inipition wjitci 

of grain 

I’ouiidR of straw 

sti JiV for caelt 

! for eneh inch 

applied 

to the acre 

1 0 the aero 

bushel of grain 

1 ol Mater 

5-0 

37-81 

2,980 

79 

1 

7-56 

7-5 

41-51 

3,301 

75 

6-39 

io-r> 

43-53 

3,452 

79 

4 35 

150 

45-71 

3,954 

87 

3-05 

25-0 

46-46 

4,311 

93 

1-8G 

35 0 

48*55 

4,755 

• 98 

1-39 

50-0 

49*38 

5,332 

108 

0-99 


i Widfitoe, Prificipka of Irri^tipn Pruclic^ 1914, p. 2&0. 
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Tlie chief poiiit wliich emerges from these experiments is tliat 
when five inches of inrigation water were a})})lied eacli inch produced 
7’56 bushels of wheat. W^len the water was increased to fifteen 
inches, each incli yielded only tluee bushels. When the large 
quantity of fifty inches was employed, each inch produced less 
than a single bushel of wheat. Small waterings therefore do tar 
more good pet inch of water than large applications. This point 
is rendered clearer by the results obtained in Utah when 30 inches 
of water were spread over six acres instead of over one. The total 
3deld of wheat rose rapidly from 47’51 to 226 bushels. 




30 

ACRE.INCHRS SPREAD OVER 


1 acre 

2 ncre^ 

3 acrcj* 

1 1 

4 acres 

6 aeren 

Grain 

' 47f)l , 

91*42 

1 130*59 

1 

. 16C16 

! 1 

226*16 bushelft 

Straw 

; 4,532 

o 

oc 

j 10,256 

. 13,204 ' 

' i 

17,916 pounds 


These figures clearly indicate that when the quantity of water 
is limited, as it is in most arid tracts, the least j)ossible amount 
needed to ripen a wheat crop must be applied to each acre of land. 
With these facts before us we should expect that the six or seven 
hcav}' irrigations applied to a single crop of wheat at thietta must 
result in an enormous wa.ste of valuable water. 

2. Heavy waterings reduce the proportion of grain to total crop. 
This principle is well known and is confirmed by numberless experi- 
ments. With the increase in available water, the length and weight 
of straw increase far more rapidly than the weight of grain. As 
straw^ is much cheaper than wheat, it is clearly of no advantage 
to use valuable water mainly to increase the yield of straw'. Tliis 
point is brought out in Table 1 above where in the fourth column 
the rise in the proportion of straw to gi’ain with increasing irriga- 
tion is indicated. 

3. The growth period of wheat is increased by heavy watering. 

All observers who have carefully studied the wheat crop must have 
1)een impressed by this fact. At Quetta, the difference between 
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the time of ripening of wheat grown with the, minimum quantity 
of water and that raised by the zamindars is at least a month. Late 
ripening is a great disadvantage in the Quetta valley as towards 
the end of the season the temperature rises rapidly and this rise is 
accompanied by hot, dry, westerly ivinds. Maturation therefore 
takes place under exceedingly unfavourable conditions as is shown 
by the fact that the wheat crop does not really ripen and show the 
usual development of bright chaff colour, but merely dries u]> to a 
somewhat uniform dull white. It is not siirprihing, tlierefore, that 
the grain is not well filled and that the feeding value of the bhusa 
.is greater than that imported from Sind. 

4. When the water supply is limited, the root development of the 
wheat crop must be deep. The first stage in the giowth of the wheat 
plant is largely subterranean and, during this period, root formation 
goes on rapidly, provi.letl the soil has been well cultivated and con- 
tains a sufficient supply of air and moisture. Wheat slunild not 
be watered during this stage, as irrigation, "by interfering with the 
air-supply, tends to clieck the downward development of the roots 
and to eui ourage superficial rooting. Such a shallow-rooted crop 
cannot make the liest use of the winter rain and is particularly 
liable to suffer from drought. The two early waterings of the 
wheat crop at Quetta arc therefore harmful as, alter sowing, the 
roots should be made to grow down deeply into the soil and abstract 
moisture from the lower levels. 

5. The soil moisture must be preserved as fpr as possible by a 
surface mulch of dry soil. The moisture in t he soil, in which a wheat 
crop is growing, is lost mainly by evaporation from the surface and 
also by transpiration through the plant. It is obvious tliat when the 
water supply is limited, as much water as possible juust be passed 
through the plant and as little as possible lost by evaporation from 
the surface of the ground. The easiest methoil of checking this 
evaporation in the ca.se of wheat is by means of a surface mulch (»f 
dry soil, produced aiul maiutaine<l by suitable metiiods of culti- 
vation. The loose, dry layer of earth •on the surface liinders the 
inovemeut of soil water into the air. The action of the mulch id 
not difficult to explain. The moisture in the soil occurs as thin 
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films sturounding the soil particles and, after surface irrigation or 
rain, these particles run together into a position of close packing 
so that the' water films forma continuous system right through 
the soil. At the surface they come in contact with the atmosphere. 
If the air is dry, evaporation of the water takes place at once. 
When the air is dry and warm and also in rapid motion, as it often 
is in arid tracts, the evaporation is exceedingly rapid and the irri- 
gated or rain-wet surface rapidly dries. As the water near the 
surface of the soil passes into the air as vapour, a continuous move- 
ment of water takes place froni the soil and subsoil to take its place 
At the same time deep cracks are formed, so that the evaporation 
soon begins to affect the moisture in the subsoil as well. The 
result is rapid drying out to a great depth. Tli" dry mulch breaks 
the contact between the films of water round the particles and the 
atmosphere and checks evaporation. Its cHicieitcy depends largely 
on its depth. A three-inch mulch will often reduce t he lo8.s by 
evaporation at least fifty per cent., w'hile a six-inch mulch is 
much more effective. A mulch, about a foot thi(*k, often prevents 
evaporation altogether. 

In wdieat growing, the surface mulch has to be, pioduced while 
the crop is in the ground and often while the seedlings are small 
and tender. Deep mulches are therefore out of the question as 
their formation W'’ould destroy the crop. It is found that very 
effective mulches can be produced in a young wheat cu-op bv an 
implement known as the lever harrow. This is an ordinary toothed 
harrow' so constructed that the slope of the tines can be altered 
by a lever. By sloping them backwards, a lever harrow can be 
drawn over a young crop of wheat without damage to the plants 
and, at the same time, any surface crusts can be broken up and a 
mulch of dry earth produced. On soil like the 1 ndo-Gairgetic 
alluvium or that of the Quetta valley, a single cross-cultivation 
wdth these harrows wdll produce a mulch about two inches thick 
which goes far to preserve the water in the soil. The harrow' can 
be used till the wheat is nearly a foot liigh. Whenever rain falls, 
the surface must be harrowed and the dry mulch re-formed. In 
the Quetta valley, no ,such implement as a harrow is used by the 
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satnindats and they do not understand the valup of surface mulches. 
In consequence, their dry wheat has to grow and ripen with a sur-. 
face crust always present and with the soil moistifre constantly 
exposed to free evaporation into the dry atmosphere. There is little 
wonder that the crop is so stunted and that the yields are so poor. 

If, therefore, the methods of growing wheat at Quetta are 
examined in the light of the best modern practice in arid regions 
only one conclusion can be drawn. The local practices are wasteful 
and unscientific in the extreme. Water is thrown away in all 
directions ; there is no effort to conserve the soil moisture and to 
make the best use of what is, to the wheat crop, a most timely and 
well-distributed rainfall. All the conditions were therefore exceed- 
ingly favourable for the condiurt of water-saving experiments and, 
as soon as the land for the new Experiment Station was acquired, 
these were set in motion. 

■ IV. Experiments in Water Saving at Quetta. 

The experiireiits in water saving in wheat growing, con- 
ducted at Quetta during the last three years, have been of two 
kinds. Wheat has been grown on the natural moisture only and 
also on the rainfall, supplemented by a single irrigation applied 
to the land before sowing in October. The amount of the rainfall 
during the period covered by these investigations is indicated in 
the table below which gives the precipitation at the Civil Hos- 
pital, situated quite close to one of the experimental plots. 

Table II. 


Rainjall in inches at Quetta, 1912-1915. 


j 

1912-13 

1913-14 

i9i4-ir> 


1912-13 

I913-U 

i 1914-1.1 

September 

nil 

i 

nil 

002 

April 

0*12 

o-o: 

1-96 

October 

nil 

019 

1-87 

May j 

nil 

o*r)5 

nil 

November 

003 

0-95 

1*91 

June 

0-08 

0*46 

nil 

December 

1*50 

0-90 

116 

July 

0-19 

0-76 

nil 

January 

0-C9 

1-70 

043 

August* 

012 


nil 

February 

3*73 

3*29 

0-45 


— 

— 

- 

March 

2-69 

! 

1*20 

1 44 

Tot*!. 

9*16 

lb'97 

9*24 

•• 
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It will be seen that practically all the rainfall is received between 
October and May during a period when the wheat crop can make 
use of it. It is unusually well distributed and can be entirely 
absorbed into the ground, provided the surface is kept in the proper 
condition to receive it. This distribution of the rainfall is an ideal 
one from the point of view of the wheat ciop, and it is a great pity 
that so little use is made by the cultivators of tlie gifts of Provi- 
dence and that they do not attempt to conserve the moisture by 
means of a surface mulch of dry soil. 

Wheat grown on natural moisture only. 

In the season 1913-1914, two large plots were sown with wheat on 
natural moisture only. In both cases, no storm water was embanked 
on the laud before or after .sowing as this wa.s impossible on 
account of the situation of the ground. The only moisture at 
sowing time was that conserved during tlu^ dry, hot summer from 
the previous winter rains by a surface mnbdi of dry .soil, some three 
to four inches in .dejith. 

The first plot, tliree acres in are.i, was situated at tin* now 
Elxperiment Station about two and a half miles from Quetta. The 
land was high-lying and freely (i.xposeil to the hot , drying winds. 
It was unmanured and so situated on a ridge that it received 
its own rainfall only and was not subjected to iiny surface 
wa.sh from higher land. The mulch was found to conserve the 
soil moi,sture exceedingly well nj> to the eml of .June but, during 
the hot months of duly, August, and September, the subsoil dried 
a great deal and, at sowing time, there was insufficient moisture 
for even germination afid for maintaining the seedlings till the 
winter rains set in. The result was a very thin croj) which gave 
only 2 maunds 27 seeis of gi’ain and 7 maunds 23 seers of hJmsa 
per acre. 

The secoini plot was just over half an acre in area and was 
situated on low-lying land within the Civil Station at Quettii 
and t o the soutfi of the Residency. The land was heavy in tex- 
ture, the subsoil moisture was somewhat near the surface and the 
pl6t was protected from the dry wind.s by trees and high walls. 
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The growth was luxuriant but some damage was done by yellow 
rust {Puocmia glumarum) as the wheat came into ear. The yield 
worked out at 21 maunds 1 seer of wheat and 40 maunHs 38 seers of 
bhma per acre. The conditions were, however, exceptional and there 
is no considerable area of land in the valley where similar c rops can 
be obtained. In one respect, hoAvcver, the result is of interest. The 
land was typical of most of the area on which the Civil Station 
has been built, and the fact that a yield of over 20 maunds of wheat 
to the acre was obtained without irrigation ar all shows that a 
great deal more use cjould lie made of the subsoil water than is at 
present the case?. It can readily Ire understood iiow easy it is to 
over-irrigate the land in this tract and to turn the foliage of the 
peach trees yellow. 

The water conservation methods employed in Ihese experi- 
ments were the Siinn-. In both c'ases, the crusts formed by rain 
were broken up bv the lever harrow and a mulch of diysoil, about 
an iiudi and a half in depth, was Icdt on the surface. After the 
wheat began to .sh(»n!. in .March, the use of the |jiarrnw had to be 
discontiniic(l willi the result that the crop had to ri])en with a 
distinct surface crust formed by the late rains in March, April 
and ^May. This led to a considerable loss of valuable moisture 
during the ri])ening period. 

Wheat grown with a single irrigation. 

Two large scale experiments were made at the Kxperimen 
Station in ]912-l.‘l and in 1914-15, in which a single irrigation was 
applied to the laud in Sc'ptember prior to sowing in ( fetober. When 
it was observed in 1912 that, in ordinary exposed wheat land, a mulch 
of dry soil three to four inches in depth was insuliicient to conserve the 
subsoil moisture from one winter to sowing time the following October, 
it seemed probable that a single iriigation, applied before sowing, 
might prove effective. This would enable a thorough cultivation of the 
land to be carried out befoi’c putting in the seed and would reinforce 
the water in the soil and subsoil to such hn extent that there would 
be ample moisture for germination and for rapid root-development 
before the winter rains were received. 
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The land was iirigated by surface flooding in the ordinary way 
and, as soon as the surface was dry enough, it was cultivated by 
means of the spring-tooth cultivator and immediately levelled 
with the beam. This operation is of the greatest importance in 
crop growing in Baluchistan both from the point of view of the 
saving of water and of the production of a good tilth. Irrigated 
land dries very quickly, and, unless it is ploughed up at exactly the 
right moment, large clods are formed which cannot be broken down 
by the beam. Wliere the area watered is several acres and the cattle 
power is limited, it is impossible to deal with all the land at the 
proper moment with such a slow-working implement as the country 
plough. The consequence is a great loss of moisture and a poor 
tilth. Wliat is required is a machine which will rapidly cultivate 
the surface of a large area and, by the production of a surface mulch, 
check the rate of evaporation and also help to make a good tilth. 
This can be done easily and rapidly by the spring-tine cultivator 
followed by the beam. A pair of cattle with one of these macliines 
will cover at least three acres in a day and, by checking evaporation, 
enable the land to Ije ploughed and sown with ease, at the same 
time producing natural conditions in the soil whicli lead to the 
formation of an excellent tilth when the land is ploughed. 

After sowing, which was done behind the plough in the ordi- 
nary way, the only treatment necessary was the breaking up of 
surface crusts after rain and snow. This was done by drawing over 
the crop, by means of two bullocks, a pair of Canadian lever 
harrows. By sloping the tines backwards these harrows will pass 
over young wheat without damage and, at the same time, break up 
thoroughly the crusts formed by rain. The cost of a pair of these 
harrows, f. o. b., at New York, is 12-90 American dollars (Rs. 40-4-0) 
and they cover a strip of land 9 feet 8 inches wide. The number of 
harro wings required naturally varies with the year. For the 1916 
crop, the young wheat was harrowed four times. After the crop began 
to shoot, the use of these han-ows had to be discontinued and the 
crusts formed by the rains of late March and April led to a great 
deal of loss of moisture. Experiments are in progress to find 
iheans of harrowing the wheat up to the time it comes into ear. 
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The 1916 crop ripened about a month before that of the culti- 
vators and was affected by yellow rust far less than the irrigated 
wheat. An interesting feature was the full develo*pment of the 
chaff colour which is hardly ever seen in the country crop. The 
results of the experiments are given in Table III. 

Table III.. 


Yidd of wlient at Quetta with a single irrigation. 


iSeusun 

Area ill iieres 

Vioid ot por acre 

1 

j 

1 

1 

y\. h. 

1912-1;! j 

:\'00 

1 

I s 

1914-in 1 

•2- 8.*) 1 

k; i!S 



17 39 


One uiauud-82'27 ib. 


The average yield of these large scale c.vperinients w'as thus 
17® maunds per acre or four and a quaitcr mauuds above the aver- 
age yielded by similar unnianured land with six or seven irriga- 
tions (p. 18). The real difference between ihe Experiment 
Station results and those obtained by the 2 )eople can best be 
realized however Iw comparing the produce in both cases from the 
same amount of water. The zamindars water one acre seven times 
and obtain an average of 13.J maunds of grain. The same amount 
of water spread over seven acres, if used according to the method 
employed at the Experiment Station, would give 7 times 17| or 124j 
maunds of wheat. The difference in favour of the experiments is 
therefore 110|^ maunds of wheat. If the average irrigated acreage 
of w’heat in tlie Quetta valley is multiplied by 100, the result would 
indicate, in maunds of wheat per annum, the present annual waste 
of water on this crop alone. On every 100 acres of inigated wheat, 
the water now lost would produce 10,000 maunds of grain and a 
large amount of straw of a total value not far short of half a lakh 
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of rupees. All the water now lost could not of course be translated 
into grain and bAusa as the necessary preliminary irrigations could 
not be done in time with the water supply now available. A large 
proportion of the loss however could be utilized in wheat growing, 
while the lemainder liould be employed for the winter watering of 
fjiiit trees and in the production of fodder crops like nhnfial and 
lucerne. 

It is clear that as tar as irrigaterl wheat glowing is concerned, 
there is an enormous loss of water which might be profitably employed. 
The skilful use of the lever harrorv after rain would also increase 
the yield of the uninigated or dry crop wheat. E.xamined scien- 
tifically, the methods now in vogue are wasteful in the extreme, both 
as regards the precious irrigation water and lire winter -rain and 
snow which coat nothing. To enable the zamindar to improve 
his practice, two new implements are necessary — the sjn-ing-tine 
cultivator’ costing about thirty rupees and a jiair of (.'anadian lever 
harrows which cost at New York before the war about forty rupees. 
With proper care and if the working parts are replaced when worn 
out, these implements would last ten years at least, so that the 
annual cost would not be oA'er fifteen ruiieos. Each cultivator 
need not purchase these inijdements for his own use. Two sjiring- 
tine cultivators and a pair of lever harrows would suflice for an 
ordinary village. The cost of usitig them is, from a zamindar’s 
point of view, negligible as he now has to keep cattle as well as ser- 
vants to feed and look after these animals. A litthi gentle exercise 
for the men and animals in the vvintcr in harrowing tlie young 
wheat after rain would do them no great harm. The ecojiojiiics 
of the suggested impTOvements in })roduction do not therefore 
admit of argument. At a small cost, a very material increase in 
wheat production is possible in the (.Quetta valley. The increased 
yields of grain and bhma Avill directly benefit bt)th the people 
and Government while the greater production of the neighbourhood 
is an obvious military advantage. 

* TUc nprirtg-tino cultivator ean>)c ii8c*d for many other {nirpoBCf} boKuloH wheat growing, 
anch aa cultivating between the ruwa of trees in fruit gardens, breaking the surUee of lucerne 
^ekU and sowing crops like maii^ and juar* 
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One jKissible objection must be dealt wi€li at this point. It 
may be urged that results such as those above are , only possible 
under European supervision and that the zamindars could not 
possibly repeat them. The reply is that the Experiment Station 
results were obtained by the Indian staff and that all the opera- 
tions, including sowing, were carried out by the overseer from 
written directions during our absence from Quetta. 

Besides their bearing on the local agriculture, these experi- 
ments have some application to Indian (ionditions where the saving 
of irrigation water has not, up to the present, received very much 
attention. Then; are several tracts in India where a fair wheat 
crop might easily be raised on a single irrigation ap{)li'*d prior to 
somng. In Bundelkhand and other black soil tracts, where the 
monsoon often ceases early and where there is insufficient moisture 
in the ground for germination, a preliminary irrigation before sowing 
would cool ' the land and also enable a rapidly maturing variety 
like Pusa 4 to ripen a full crop of wheat. Irrigation after sowing, 
on lieav\ black soils, is likely to interfere with the air su})])ly of the 
-rop and to diminish the yield .so that some of the various tank 
projects in the Central Provinces might be designed to irrigate 
a large area in September and early October once rather than a 
smaller number of acres several times during the cold weather. 
Experience will soon prove wlucJi of the.se methods is the one to 
adopt. In such comparisons, the yield per acre-inch of w,ater mu t 
be considered, not the jdeld per acre. 

In some of the alluvial tracts like Oudh and the middle Doab, a 
single irrigation in early October (provided the moisture is pro})crlv 
conservetl) will probably be found to be sufficient for a rapidly 
maturing rvheat variety. After flooding the surface, the lan<l would 

* It iH well known thftt the late rauiH of September and early October are very honoficial 
for rabi crops. There is considerable evidence for Riip}M)sing tliat a largo portion of the benefit 
is due to the cx>oling cfftXJt of this rainfall on the soil. This enables the eold-weather crops to 
form a deep and vigorous root-system. In years when the rains cease early and ( be soil 
IS hot at sowing time, it is more than likely that a sing To irrigation in late September or in 
early October, bosklos giving abundant raowturo for sowing, would also cool the ground very 
eonsiderably. The matter is one >\'orthy of oxtendfxl experiment as it is probable that in t|^is 
way moTo use could be made, in several tracts of India, of the water available. 




do AGRICDLTURAL JOURNAL OF INDIA [Xt, 1. 

have to be cultivated as soon as possible with the spring-tine culti- 
vator, followed by the beam so as to check evaporation and to allow 
of the natural formation of a perfect tilth before ploughing and sowing. 
After sowing, the lever harrow would have to be used as long as 
possible so as to conserve the soil moisture and to break up the 
crusts formed by rain and dew. 

Besides the saving of irrigation water, such a method of wheat 
growing in India has other advantages. Both the sowing and 
harvesting periods could be extended. A rapidly growing variety 
can be sown quite late, while the same variety, sown at the usual 
tune, would ripen considerably earlier than the ordinary crop, thus 
allowing of an early haivest and so relieving the strain on the cattle 
and labour available at thi.s jieriod. 



INDIAN HEMP FIBBE. 

{Crotalaria juncea,) 


BY 

C. D’LIMA. 

Of the many Indian prodiu-ts the trade in which has been 
making steady strides during tlic last ten years, Hemp, the fibre 
of Crotahria juncea, is by no nie;urs an uniinport-ant one. Rox- 
burgh and the otliei autliors who liavc followed him have left 
behind them most valuable literature bearing on the 8u])ject, while 
the officials of the Agricultural De})artment have by means of 
Ledgeiis and othei ]; ‘blications issued fiom time to time added 
considerably to the richness of the literature aheady extant. In 
this articde the writer does not claim to make any material addition 
to the said literature, but aims merely at placing before the Indian 
Authorities and the European trade certain aspects of the subject 
from a practical business man’s standpoint, and offers a few sugges- 
tions which the writer thinks might prove of interest to the trade 
generally, and which, if carried out, might redound to the advan- 
tage of the Indian agriculturists to a very appreciable extent. 

To be able to gauge correctly the importance of the export 
trade in Hemp, one has only to refer to the .Trade and Navigation 
Returns of the Presidency of Bombay, and the appended Statement 
ought to serve to give one a fair idea not only of the quantity export- 
ed from year to year and of the money value such expoi'ts repre- 
sent, but also of the manner in which the trade is distributed among 
the various foreign markets. It is true that since 1908-1909 there 
has been a falling off in the quantities exported due more to bad 
crops in some of the more important hemp-growing districts than 
any other cause, but, as will be seen from the Statement appended* 

. ( 81 ) 
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heretx), the decrease in the quantity is compensated for by an 
increase in prices. 

The enormous quantities shown in the Statement do not, how- 
ever, represent the produce of the Bombay Presidency alone ; on 
the contrary except for a few’ tlxousand bales the bulk of these 
exports is matle up of fibre obtained from the ( 'entral and United 
Provinces where it is grown on a considerably larger scale than in 
the Bombay Presidency, and where the quality of the fibre produced 
is tmiformly superior to that available in the Bombay Presidency, 
excepting of course the Hatnagiri district which produces a 
superior and therefore valuable fibre. Whether or not it is 
possible to extetid the cultivation of hemp in the Bombay Presi- 
dency and expand the trade in it on a p.arity with the trade now' 
being done in sojue of the more important hemp-growing districts 
in the Central and United Provinces is a question w'hich w'ill bo 
dealt with below. 

For any Indian fibre to be able to (‘onunand a ready sale in the 
European inark:ds and realize; good juices, it is essential that it 
should be of good length, thin an<l soft, strong, and above all free 
from sand and dust ; indeed 1 he Factory Hegulations in Europe, and 
in England })articulavly, are so very strict, where the utilization of 
ditty fibres is concerned, that Eimtjrean buyers have already taken to 
.steadily rejecting all fibres which «'.ontain a large admixture of sand 
and mud, and it is not unlikely that wliat little trade there is at 
present in inferior fibres will disappear altogether before long. 

In the light of these observations we shall proceed to discuss 
the prospects, if any, of fibie |)repared iu the Bojnbay Prcsideiuy 
being able to compete successfully w'ith fibre jrrepared in the Central 
and United Provinces, for unless it can be established tlrat such 
competition is possible even to a remote degree, the industry is 
certainly not worth persisting in, and the agriculturists might as 
well turn their attefition to the raising of some other crop which is 
likely to prove more lucrative than hemp. 

Prom figures kindly supplied to the writer by the Director of 
Agriculture, Bombay, in 1907, it appears that the area then sown 
with hemp was not less than 22,116 acres. Since then the acreage 
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1904-1905. 

1905-1906. • 

1906-1907. 



Quantity 

Owt 

Value 

Re. 

Quantity 1 Value 
Cwt. j Re. 

Quantity 

Cwt. 

Value 

Be. 

Qup 

C 

Britiih Empire, 








United Kingdom 

80,906 

8,63,935 

96,222 

10,07,007 

*80,105 

9,32,643 

• 

9 

victoria 

60 

720 

83 

1,328 



- 

Bahrein iBbndi 

Other Countries 

42 

504 

5 

86 

65 



920 


For«i{fn Couniriett. 








Sweden 

... 








Norway 






283 

4,252 


Denmark 







1 

70 


Germany 

25,619 

2.49,587 

31,675 

3,34,753 

;i8,019 

4,12,640 

11 

Holland 

676 

7,600 

175 

1,500 

4:i7 

6,669 


Belgium 

133.727 

13,06,855 

120,671 

12,01,948 

117.779 

12,99,909 

13: 

Franco , 

8,809 

1,03,696 

11,821 

1,2*,725 

12,27S 

1,3.3,228 

u 

Spain ) 

375 

7,125 

685 

8,335 

,5r)7 

6,460 

1 

Italy ... . i 

5,224 

1 

58,689 1 

1,880 

18,772 

2,99.5 

38,411 


A iistro' Hungary ' 

*** i 

1 1 

70 

810 




Aaiatic Turkey ... * 



... 


! 


. 

Mu8(Mit Territory ami Oman .. I 

3,258 

43,143 

i 

2,762 

3;^,567 ‘ 

2,151 

31,546 1 

! 

Other Native States in Arabia .. ' 


i 

...... j 

3 

36 ; 

... 

.... 1 
1 


Pornia 

580 

7,074 ; 

61 

822 

t 

9*1 1 

:,128 


1 

Japan ... ... .. | 

1,091 

13,082 ■ 

914 

11,574 

nl9 I 

5„51R 
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utilized for hemp cultivation in the various districts has probaMf 
undergone a considerable shrinkage, as the quantity. of fibre ex-, 
ported is nothing like what it should have been if such a large area 
as 22,000 acres were under cultivation. 

The principal hemp-giwving district in the Bombay Presidency at 
present is the Ratnagiri district, and the fibre produced there which 
to the trade is familiarly known as “ Deoguddy Hemp ’* always 
commands a ready sale and invariably realizes a higher price than 
that obtained for the beat descriptions of fibre pi’oduced in the 
Central and United Provinces. Except when owing to long drought 
the plants are stunted affording fibre so very short as to render it 
sometimes almost unmerchantable, or when owing to incessant 
heavy rains during the maturing season and again during the retting 
season the fibre undergoes a certain amount of deterioration both 
in colour and strength, “Deoguddy Hemp” possesses all the quali- 
ties requisite in a good fibre. It is of fair length, soft, strong and 
perfectly clean with a fine gloss, and is in request not only in the 
English markets but li is also eagerly sought for* by Continental 
buyers. S-' far <^’iorefore as this hemp is concerned, agriculturists 
would be well advised in extending the cultivation, as compared 
with the prices realized for other Indian fibres those obtained for 
Deoguddy Hemp are certainly very remunerative. 

There arc two other grades of hemp produced in the Bombay 
Presidency which once commanded a fair sale in the European 
markets but which of recent years have been steadily falling into dis- 
favour, viz., “ Salsi ” and “ Godhra ” hemp. “ Salsi ” as tlie name 
implies is hemp grown in the Island of Salsette, and in his valuable 
treatise on Crotnlaria juncea Dr. Watt repeatedly refers to the 
superior quality of this hemp conveying the impression that not 
very many years ago the Island of Salsette produced a fibre reckoned 
superior to even the Bengal sunn-hemp. It seems indeed a pity 
that the cultivation of hemp should have now been, aho^etheei 
discarded in this part of the Presidency, for if it were possible to 
prepare in Salsette a fibre possessing the merits which have been 
Tiscribed to it by certain authors, it should certainly pay the agri- 
sulturists to devote greater attention to this industry, the more so 

3 
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and the European* buyer alike as they could be exported from 
other Indian ports. 

Of the two provinces refeired to above the United Provinces 
undoubtedly have a larger area under hemp cultivation than the 
Central Provinces, but save for 12,000 to 15,000 bales which 
reach Bombay from the Pilibhit, Bareilly, and Moradabad districts, 
the bulk of the hemp from the United Provinces is railed to 
Calcutta and thence shipped to Europe. Apro'pos of the hemp 
produced in these Provinces, it has been a moot point whether hemp 
{Crolalaria juncea) grown in India is of only one kind or whether 
there are several distinct varieties of it, or whether the difference 
in the fibres is due merely to the influenc!e of soil and climate, and 
the different methods adopted in the preparation of the fibres. 
Boyle seems to have been of the opinion that there were more 
than one fibre-yielding species ot Crolalaria., while Koxbiirgh and 
others were inclined to the idea that only one species ol Sunn-Hemp 
was cultivated in India. In the Memoirs of the Defartmmt of 
AgricruUure in India, Botanical Series, Vol. Ill, No. ,3, Mr. and 
Mrs. Howard of Pusa provide a valuable contribution on the 
subject, and in the light of experiments peisonally conducted by 
them they establish the existence of two cultivated varieties of 
Sunn-Hemp in India. 

This digression has been rendeietl necessary because of the 
fact that the United Provinces produce two fibres characteris- 
tically distinct, Hie one resembling the Jubbulpore hemp, the other 
a white “ towy ” kind popularly known to the trade as “ Sunn,” 
and there is at least one place in the Fatehpm' district where seeds 
sown at the same time and the plants treated in all respects alike 
give two distinct varieties of fibre, a result which can only be 
ascribed to the plants being two distinct forms of Crolalaria. As 
the European trade treats these two forms of fibre on a different 
level, it is perhaps as well to discuss their merits and demerits 
separately. “ Pilibhit Hemp ” — this is how the hemp from the • 
United Provinces is known as shipped at present from Bombay 
to European ported In many cases of course the description is 
merely a misnomer, as the fibre supplied under this denomination 
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does not always comprise the production of the Pilibhit District 
only. “ Pilibhit ” hemp is reckoned by the European trade among 
the cheaper grades of Indian fibres, which from the p'oint of view 
of the agriculturists in this District is most unfortunate, in that it 
.prevents their obtaining the real value of the fibre. The area under 
hemp cultivation in the Pilibhit district is over 6,000 acres. Of 
recent years there has been a marked improvement in the prepara- 
tion of the fibre, and if care is taken by the agiiculturists to main- 
tain this improvement scrupulously avoiding all admixture of dirt, 
it should be possible to place on the market a fibre by no means 
inferior to some of the higher’ priced descriptions of hemp fr-oni the 
Central Provinces. Unfortunately there is a marked tendency, if 
not on the part of some of the agi'iculturists themselves, at any 
rate on the part of those who handle the hemp after il has left the 
agriculturists’ hands, to “ fake” it »vitha liberal admixture of the 
more inferior hemp from Bareilly and Moradabad districts, with 
the inevitable result that European buyers not knowing the real 
quality and worth ui the hemp actually produced, in the Pilibhit 
district wifi only pay a low price for it. To enable one to judge 
approximately t<r what (ixtent the “ faking ” process might be 
resorted to, suffice it to say’ that Bareilly' district grows as much 
hemp as Pilibhit and as the two districts closely adjoin each other, 
the transporting of hemp from the former district to the latter is a 
very easy matter. Bo long therefore as the unscrupulotis methods 
referred to arc indulged in, the agriculturists of. Pilibhit must be 
content to earn considerably lower prices than they might have 
obtained if the genuine Pilibhit hemp had been placed on the 
European markets. 

There can be hardly any comparison between Bareilly and 
Moradabad hemp with Pilibhit hemp. The former is shorter in 
length, rougher, and above all very much dirtier, and were it sold 
on its own merits instead of it being used for the pur])ose above 
referred to, it would realize very poor prices. That even in the 
.case of this hemp the •quality could be improved there is no doubt, 
but there is no incentive to any' attempt being made in this direc- 
tion, and there never will be, so long as the agriculturists from** 
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these districts can be sure of getting the same price for their ia- 
ferior fibre as is realized for the superior one from Pilibhit. 

And tfiis brings us to the other variety of hemp produced in 
the United Provinces which has hitherto not been shipped through 
Bombay but which could be shipped as advantageously through 
this port as through Calcutta, specially the hemp produced in the 
Fatehpui, Banda, Allahabad, Jaunpur, Oudh, and Partabgarh 
districts. These districts chiefly produce what is known to the 
European trade as “ Sunn ” Hemp and which is shipped as 
‘‘ Benares ” and " Allahabad,” the former representing the better 
and the latter the inferior grades. 

Although this class of hemp does not as a rule contain much 
admixture of mud or sand it is nevertheless very cumbrous to 
handle as it contains a large proportion of pieces of stems entangled 
in the fibre. This defect is accounted for by the fact that the 
retted stems after being partially washed are taken out of the water 
and exposed to the sun to dry for some hours and are then heaten 
to separate the fibre. This method not only results in the fibres 
getting entangled but there is always a large proportion of pieces 
of stems adhering to the fibre, and the process of partially heckling 
the hemp which the exporter has to resort to to free the fibre of the 
admixture not only results in a very serious shrinkage in weight 
but also entails very heavy expense. It is strange that this method 
of preparing the fibre should be resorted to in some of the districts 
while in others the peeling process is most in vogue. By the latter 
process it would be possible to obtain a more lengthy and cleaner 
and therefore a more valuable fibre than the one available ■ at 
present. 

Sunn-Hemp {Crotalaria juncea) is grown in most of the dis- 
tricts of the Central Provinces but chiefly in the Jubbulpore, Mandla, 
Seoni and Betul districts, and the fibre from these parts as sup- 
plied to the European trade is known as “ Jubbulpore,” “ Seoni,” 
and “ Itarsi ” respectively. Genuine Ttarsi hemp is the produce 
of the Betul district. It is the best quality of fibre produced* in the 
Central Provinces and commands the highest price. The season’s 
turnover as well as the quality of the fibre is, however, very often 
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affected by unseasonable weather conditions in which case it is 

. • . . . 

replaced by hemp from the Chhindwara or Seoni districts. The 
only fibre which approaches nearest to genuine Itarsi is that pro- 
duced in Chhindwara, but as the sales of what is known as “ Itarsi ” 
grade invariably exceed the supply, other descriptions are very 
often tendered under this name. Hemp produced in Seoni itself 
while slightly inferior to Betul and Chhindwara hemp is superior 
to that produced in other taJisUs of the same district such as Bhoma, 
Gunsoor, Palari, and Keolaree, although all these fibres are tendered 
by the Indian seller and accepted by the European buyer as “ Seoni.” 
Mandla hemp is not unlike Jubbulpore in quality, while as regards 
the Jubbulpore district, Sihora and Silondi produce a superior 
fibre to that prepared in Jubbulpore and the suburbs. The Nar* 
singpur district ( Kareli and Gadarwara) produces the jowest qua- 
lity ol hemp in the Central Provinces and this is often used for the 
same purpose in Jubbulpore as Bareilly and Moradabad hemp is in 
Pilibhit. “Itarsi,” “Seoni,” and “Jubbulpore” hemp is always 
in demand licth 'u England and the Continent of Europe, and unless 
the quality of the fibre should show a marked deterioration these 
grades would realize uniformly high prices. 

Besides the various grades of hemp enumerated above, the 
only other fibre which reaches the Bombay market is that from 
the Gulburga district, in the Nizam’s Dominions, ft is well pre- 
pared and in normal seasons the quality of the fibre is very satis- 
factory. 

Bombay receives no hemp from the Punjab or the Gwalior 
State, while the whole of the hemp produced in the Madras Presi- 
dency is shipped direct to Europe from the Madras coast ports. 

In the Plulippines, the Government has thought it fit to intro- 
duce legislation standardizing the grading of hemp produced in the 
country. In India it would be impossible to enforce any such 
legislation, nor could the Government undertake it seeing that 
in the case ol more important products such as cotton, etc., there is 
no state control over the standardization of the quality. When, 
however, one considers the numerous complaints which have 
leached India from time to time regarding the poor classification 
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of Indian hemp, and also bears in mind the fact that the prices hitherto 
realized by the agriculturists in some of the hemp-growing districts 
have not been quite as remunerative as they might have been, the 
question which naturally forces itself upon one is whether even 
without any direct state control it might not be possible to devise 
ways and means, whereby the European buyer could ensure his 
obtaining a better and more uniform grading of hemp and the 
Indian agriculturist a more remunerative price than that he has 
been getting so far. For the purpose of putting the Indian agri- 
culturist in a position to place on the Emopean market a more 
valuable article it would be necessary, firstly, to impress upon him 
the importance of improving his present method for the prepara- 
tion of the fibre and to try to bring home to him the advantages 
which are bound to accrue if such improved methods are adopted ; 
and, secondly, to adopt such measures as will put a stop once and 
for all to the transporting of hemp from one producing district to 
another. The result of these measures should be that on the one 
hand the agiicultunsts will be able to place on the market the 
genuine article of the district, while on the other the cessation of 
the inter-district traffic Avill prevent any unscrupulous admixture 
detracting from the real value of the superior fibre. The fibre 
produced in each district would have to be sold and bought on its 
own merits ; if the fibre were of a good quality it would be bound to 
realize a relatively higher price, and the higher the price the bigger 
would be the agiiculturist’s profit. And here arises a very important 
question. Supposing the agriculturists do succeed in turning out 
a superior fibre, and supposing also that it is possible to success- 
fully put a stop to the transporting of hemp from one district to 
another, would that be a sufficient guarantee that the European 
trade will get the genuine article, and that alter it has reached 
the port of shipment it will not be so manipulated as to render the 
efforts of the agriculturists and the authorities alike nugatory. 
The only way, therefore, and perhaps the most successful way of 
obviating this risk would be for the hemp grower’s of each district 
to adopt a co-operative system of handling their produce on lines 
shnilar to those prevailing in Norway, Sweden, Australia and other 



INDIAN HSUP FIBKE 


41 


countries in connection with dairy and other agricultural pro- 
ducts. By this method the product of a district woidd be collected 
and entrusted to some individual or finii convei-sant with the in- 
tricacies of the trade whose duty it would be to grade the hemp 
and dispose of it to European buyers to the best possible advantage 
of the agriculturists. So far as the hemp industry is coucernetl 
it should be easy cnougli to work it on the co-operative system, 
and the benefits whicli would accrue thcrefiom to the agriculturists 
would undoubtedly be very great. 

In the literature bearing on the earlier stages of the Indian 
hemp industry, instances are freely quoted of tlie fibi e luiving been 
valued at prices compared with which the prices now paid by the 
European ti-ade are very poor indeed. Tliis is due- not to any laidc 
of the sense of apja-eciation on the part of the European buyei, 
but to the fact of tlu* fibre being very often manipulated to such 
an extent as to render it almost impossible for the European trade 
to secure any really superior quality of fibre, and as in the case of 
all other produce :-o also in the case of hemp the question resolves 
itself into one ol value, for' quality. If therefore the Jndiarr agri- 
culturists could bo got to produce and tui'ii out better qualities 
of fibre tire European buyer would no doubt gladly respond by 
paying higher values. The hemp industry is one with a great future 
before it, and one wiiich deserves to be fostered and expanded. 



42 


ACtRIOCLfCRAL JOURNAL 09 INDIA 


[XI, I. 


THE INDIAN SUGAR INDUSTRY. 

BY 

WYNNE SAYER. B.A., 

Assistant to ihs Agi'ictdiural Adviser to the Government of India, 


I. Introduction. 

This article is written with a view to giving a concise state- 
ment of the progress up to date of the work in India on sugar and 
the machinery connected with it so as to enable the ordinary reader 
to take in a short time a' general view of the pi’ogress in every branch 
of the industry and to see the particular points on which attention 
is to be concentrated in tlie futiu-e, without tlic trouble and labour 
entailed in wading through the voluminous literatmc on the subject 
a great part of which is either out of the reach of the ordinary reader 
or so technical as to baffle his search for a precis of facts. To 
any one desirous of obtaining further information on this subject, 
the writer would recommend to consult the publications of the Im- 
perial Department of Agriculture in India and the other works too 
numerous to mention on the subject by different authors in India. 

The steady increase which the importation figures for cheap 
white sugar in this country sliow is a matter for grave considera- 
tion, and the question of how best to strengthen the position of the 
Indian Sugar Industry so as to enable it to compete successfully 
with its principal rivals, Java and Mauritius, has been actively 
engaging the attention of Government during the last five years. 

India is the largest producer of sugar (crude cane sugar, mostly 
in the form of gur) in the world. The annual production in round 
numbers amounts to 3 million tons, cane sugar and gur about 
2,600.000 tons," palm sugar close on half a million tons. But the 
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annual consumption is over 3f million tons which leaves a deficit 
of over I million tons which is met by importation of white sugar 
from Java and other sugar-producing cotmtries. Our imports of this 
commodity amounted in 1913-14 to over 800,000 tons. 

While it is true that some part of these imported foreign sugars 
is utilized for mixing with gur to give it the appearance of country- 
made sugar so as to command the higher price which so^fie people are 
willing to pay, and the sweetmeat makers take an increasing quan- 
tity of white sugar as the pure white colour suits their trade, yet 
there is no doubt that in consequence of the changes in taste result- 
ing from the educational and economic development of India an 
increasing amount of refined sugar is being consumed in this 
country. 

But while tlic market for refined sugar is expanding yearly, 
this by no means indicates that the demand for unrefined sugar 
or gur is decreasing. The general rise in wages and the increased 
value of agricultural produce have enabled a large number of 
cultivators and r,he labouring population to increase their demand 
for this commodity, and as things stand at present it looks as though 
the demand irom this quarter will steadily increase. At any rate, 
as this form of raw sugar is both nourishing and cheap and enters 
into many Indian food preparations, it is safe to assume that for 
some considerable time to come the market for good gur will remain 
steady. 

It is sometimes asked : can India, besides satisfying her 
demand for raw sugar, produce the 800,000 tons of white sugar 
imported from abroad ? The ofiicial forecast of the current year’s 
area sown with cane is about 2-| miUion acres so that if India is to 
be made self-supporting the cultivation of this crop would have 
to be enlarged by about 25 per cent, on the existing cultivation, or 
manufacturing yields should be increased so as to produce the 
required quantity of both raw^ and white sugar. It will at once strike 
any one who has studied the conditions under which sugarcane is 
grown and jaggery manufactured in thi^ country that the margin for 
improvement is so enormous that it is not necessary to take the 
land from other food crops to increase the total outturn. •, 
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In India with ;ts milhon acres under cane there is room 
for both gur and sugar. But the losses in extraction and manu- 
facture should be brought down to a minimum. To give an 
instance of the waste taking place at present it is calculated that 
the amoimt of sugar burnt in the megass as fuel and the loss of 
sugar from direct heating over the fire is nearly equal to India’s 
imports. This is one of the consequences of the cultivator assum- 
ing the rule of a manufacturer which, it may safely be said, he has 
not taken up as a matter of choice or from natural aptitude. If the 
maximum quantity of white sugar is to be obtained factories run on 
up-to-date methods should be imdtiplied in tracts where cane cultiva- 
tion is concentrated. These factories shoidd put up powerful machin- 
ery for crushing cane so as to obtain the largest possible extraction, 
and evaporation should take place in vacuo and not in open pans. 

It will thus be seen that while in all other sugar-producing 
countries attention is concentrated on the realization of the greatest 
amount of sucrose (white crystallizable sugar), in India we 
manufacture two sorts of product, viz., pure refined sugar and 
jaggery or gur, which latter is a mixture of crystallizable and un- 
crystallizable sugar. The gur which is most prized for consumption 
generally has a light colour and good flavour. But it does not 
necessarily have a high standard of sucrose. There is a great 
variation in prices of jaggery throughout India which is to some 
extent due to differences in quality and appearance and also to 
local tastes and prejudices. 

It may be noted that a good quality gur manufactured for 
direct eating is not quite suitable for refining. The good quality 
gur as mentioned above does not necessarily have a high sucrose 
content which is the sific qua non, in the gur intended for refining. 
Further, in order to produce light coloured gur suitable for eating 
it is necessary that lime should be very sparingly used, while for 
the gur which is ultimately to be refined larger quantities of lime 
are required to produce a stable chemical composition. Juice of 
good colour and a moderate coefficient of purity is the best for good 
eating gur, whereas it should be of high purity for the manufacture 
of ’jaggery for refining. Soft and well crystallized gur is well suited 
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for refining. Extremely hard and burnt .never goes through 
the refining process at all. While the production of sugar direct 
from the cane is to be encouraged, as it is more expensive first to 
make jaggery and then to refine it than it is to cxTract sugar direct 
from the juice, still it may not be out of place to mention that as 
jaggery can be refined with the loss of about 26 per cent, raw material 
in the process and as the crushing .season lasts for about 4 months 
only and some factories use jaggery for the remaining part of tlic year 
to keep them going, any large increase in the manufacture of gur 
coupled with a fall in its price will enable the refineries to work at a 
profit and so increase India’s production of sugar. 

At present the refining industry is limited as the losses incurred 
in the refining of raw sugar arc serious. Firstly, the quality of the 
raw sugar usually offered by cultivators for sale is so poor that 
it yields a low percentage of sugar when refined. Secondly, if the 
refinery is to be kept working throughout the year the raw material 
has to be stored with the resulting deterioration so that it not unfre- 
qucjitly happens that, when refining nearly 50 percent, comes out 
as molasses. This leaves very little margin of profit unless money 
is made out of molasses. It is said that in Java a large quantity 
of the molasses is allowed to run to waste, but the methods 
adopted in a country so favourably situated for sugar production 
cannot be recommended for use in one where a profit must be 

made out of everything if the industry is to get a firm hold. If 

the inverted sugar is utilized in the manufacture of spirits or 
denatured alcohol for industrial purposes, or if molasses is mixed 
with the megass and sold as cattle food or mixed witli the meal 

from the oil-seeds and crushed and compressed into cakes or 

cakettes it will materially assist in the expansion of the industry 
in this country. 

The increasing imports of foreign sugar have threatened with 
extinction that part of the indigenous sugar industry which makes 
white sugar from rah, an industry of some importance in the United 
Provinces. * 

To give an idea of the amount of waste occurring in the Khan- 
dasari system it may be mentioned that by this process about 3’’33 
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■ maunds of sugar arfc obtained from 100 maunds of cane. By 
following up-to-date methods the Pilibhit factory obtains 7j 
maunds of sugar from 100 maunds of cane.’ As it is not economical 
to make rah first and then to refine it, it would be much 
better if a number of cultivators in co-operation with the Khandsaris 
could purchase a steam power-mill and put up small factories at 
suitable centres. Mr. Hulme, Government Sugar Engineer Expert, 
has suggested that if funds allow a triple mill (nine rollers with 
crushers) extracting 90 per cent, would give the best results ; failing 
that, a six roller mill with an extraction of 80 per cent, 
may be installed. Its minimum crushing capacity should be 270 
maunds per day, i.e., about 80 acres in 100 days.* These 
factories will not be able to make sugar to compete with 
foreign sugar but they could supply such sugar as is now made by 
country methods for consumption by orthodox Indians and for 
which higher prices ai‘e paid than for factory-made sugar. 

It is true that the larger the factory the better it pays. 
But that small-sized modern factories crushing about 100 tons 
of cane a day can be made to pay is evident from the success- 
ful working of the factory at Pilibhit which has been remodelled under 
Mr. Hulme’s supervision. It is also suggested by Mr. Hxilme 
that if a seed-crushing and oil-extracting plant were combined with 
the smaller sized factories so as to utilize some of the machinery and 
the skilled staff during the off season, small modern factories 
crushing about 1,500 of maunds of cane per day would also have 
a better chance of success. The seeds are locally available and 
a market both for oil and cakes can be developed. 

II. Sugarcane Cultivation in India and its 
Improvement, 

We may now proceed to a consideration of the defects in the 
present methods of sugarcane cultivation. The first point that 
will claim notice is the extremely low peld of cane per acre. 
In Java the average yield is 42 tons of cane per acre capable 

I Hailey, H. R. 0„^rThe Sugar Industry in the United ProTinceB.’* Beport of the 
Indian Indvitrial Conference^ 1918. 

Agricultural Journal of Jn Vol. X, p. 69, 
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of yielding tons of white sugar while in individual cases 
.yields as high as 60 tons of cane are obtained. The Director 
of the Experiment Station at Pekalongan confidently looks forward 
to an average production of as much as 7 tons of sugar per acre 
in the future. In a favourable year one mill has actually reached 
that figure for one month’s working. In Northern India 8-12 tons 
of thin cane and 14 tons of thick cane may be taken as an average 
jdeld per acre. ITie average yield is better in Southern India, being 
25 tons of cane an acre with an average outturn of 2| tons of unre- 
fined sugar. 

Parts of Madras, Bombay and Mysore are well suited for sugar- 
cane growing, being well within the tropics witli the temperature 
uniformly high throughout tlie year. The rainfall is however of 
such a nature that irrigation is needed to supplement it. 

Thick canes predominate in these parts and yields are large. 
Great care is often taken in cultivation and the crop is heavily 
manured with oil-cake and good profits are obtained. To cite an 
instance. In the aro.i under canals in the Borgbay Presidency 
the net ]/rofits obtained from the cultivation of the soft yeUow 
g^ oen variety fiuidia which requires plenty' of manure and copious 
irrigation are from Ks. 100 to Ks. 200 or more per acre. 35 to 
40 tons of striped cane per acre giving from 8,000 to 10,000 lb. 
of gur being obtained in II to 12 months after planting. Yields of 
40 tons of cane and 12,000 lb. of gur are not uncommon. Its analysis 
as given in Bulletin No. 61 of the Dejjartment of Agriculture 


Bombay, is: 

Sucrose in 100 lb. cane .. .. .. 15’310 

Reducing sugar in 100 lb. canc . . ’ . . 0-672 

Fibre in 100 lb. cane . . . . . . 10-407 

Moisture in 100 lb. cane . . . . . • 72-521 

Ash and nitrogenous matter in 100 lb. cane . . 1-090 


But though the quality is so good the crop is relatively' un- 
important in Peninsular India. The areh under it is small and is 
limited by the amount of water available and the quantity of paddy 
grown and there are no indications pointing to any very largb 
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increase in cane oultivation in those parts except where new 
irrigation facilities have been provided. The case is different 
in Northern India where the United Provinces, Punjab, Bihar, 
Bengal and Assam claim nearly 90 per cent, of the acreage under this 
crop. As this r^on is outside the tropics the amount of warmth and 
especiaUy the length of the growing period are insufficient. While 
the field oanes in Southern India are often comparable with those 
of tropical islands in thickness and vigour, those of North India 
are much thinner, more fibrous and much less productive of sugar. 
The cultivation of sugarcane in the south is intensive and costly ; 
the crop in the Gangetic plain has very little attention paid to 
it. 

The question now arises whether success may not be obtained 
most rapidly and economically by replacing the inferior canes in 
North India with better kinds. Dr. Barber has touched upon this 
point in his article on “ Some Difficulties in the Improvement of 
Indian Sugarcanes.”‘ There are four ways in which the improvement 
of local canes m^ be attempted. One is by the introduction of 
exotic canes which have proved of value elsewhere. This method 
has proved successful in Madras, where the striped Mauritius and 
Barbados seedling cane No. 208 introduced in the Vizagapatain 
district have come into gi-eat favour with the cultivators. The 
introduction of the red Mauritius caiue through the Samalkota 
Agricultural Station has revived sugarcane cultivation in the 
Godavari District. The same variety lias also supplanted the 
local striped cane in parts of South Arcot. 

In the United Provinces a Java variety known as J. 33 is being 
grown by Mr. Clarke on the Government Sugarcane Farm at Shah- 
jahanpur and gives promise of becoming a very suitable cane for 
those parts if not for other regions in North India. It has also 
been found that selected varieties of thick canes can bo grown 
in these Provinces if proper oultivation and irrigation are given. 
These canes are much cheaper and easier to work from the 
manufacturing point of view and have a higher sucrose content 

* i Anaah of Apptitd Biology ^ Vol. 1, Nos. Sand 4. 
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and give a heavier crop than the ded. As an instance a Mauritius 
variety. Ashy Mauritius, may be quoted. Tliis* variety was selected 
* from a number of imported varieties and has been gijown for some 
years under the best and most intensive cultivation possible. In 
1912 it yielded under these conditions 30 tons of cane and 101 
maunds of gur per acre and contained 13'05 per (Jcm. sucrose 
in the canes while the local ukh varieties were only giving 30 — 40 
maunds of gur per acre. 

At Jorhat in Assam three Barbados varieties B. 147, B. 208, 
B. 376 and striped Mamritius have shown their superiority as 
producers of high purity juices and these are being planted on the 
special Sugarcane Experiment Station in North Kamrup. 

But this method has limitations which are mostly due to the 
inability of these introduced canes to stand adverse coiiditions of 
local agriculture. 

The second method is the transfer of canes from one part 
of the country to another. This has been tried and met with 
limited success rnaii.ly because the introduced canes cannot hold their 
own against the best local kinds which are themst^lves the outcome 
of centuries oE selcctioii by the cultivators. The improvement of 
local canes by selection and the observation of sports and the pro- 
duction of seedlings are the most promising lines and arc receiving 
.special attention at the hands of Dr. C. A. Barber, Government 
Sugarcane Expert, who has raised over 40,000 seedlings during 
the past two years at the Government Farm, Coimbatore. It is 
hoped that in course of time a few all-round useful canes will be 
available for supply to Agricultural Stations in the North for a 
renewed series of tests there before they are given out to cultivators. 

Certain practical conclusions arrived at by the Agricultural 
Departments may now be briefly stated. It has been proveil that 
sets from plant cane are superior to those from ratoon cane and 
that the use of terminal sets for planting will produce more 
vigorous growth of cane than sets of any other part of the stalk. 
In Java some fresh tops are brought to the plantation every year. 
More attention should, therefore, be paid to the choice of sets for 
planting. The number of sets planted per, acre can also hp 

4 
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reduced with advaiituge m ccrtiiiu parts. Again the quantity of 
water used for irrigation is excessive in some parts. Manuring 
should be on a more liberal scale, and calculated to supply as 
much nitrogen as is absolutely requu'ed. In the Deccan canal- 
irrigated tracts the tendency is to apply more nitrogen than is 
required. 

The line of improvement in Northern India seems to be better 
cultivation, especially in the direction of ridging and drainage, liberal 
use of manures, including oil cakes, gj een manuring and introduction 
into suitable localities of better varieties which not only give 
higher yields but are also more resistant to disease. 

III. Extraction op the Juice an^ its conversion 

INTO ffur. 

We may now turn to a consideration of tt' extraction of the 
juice. The old wooden and stone mills for crushing cane have by this 
tiirie almost everywhere be»‘n supplanted by iron mills with the result 
that the percentage of extraction has ri.sen. But even now there 
is much scope for improved milling. At present much of the juice 
passes away in t.he megass because these rollers have a tendency 
to assume a slightly concave form after they have been in use for 
any length of time and this leads to a deterioration in milling effi- 
ciency. The metal of which these mills are made is soft. It would 
be interesting if, as sugge.sted by Mr. Shakespear of the Cawnpore 
Sugar Works, a trial were made with case-hardened steel rollers, if 
this has not already been done, with a view to test whether uniform 
milling efficiency is thereby obtained. These mills are more costly, 
but if they are found successful in extracting more juice it will not 
be difficult to arrange for their gradually replacing the present mills. 

Mr. Clarke, the Agricultural Chemist to the Government of the 
United Provinces, carried out interesting experiments at the Partab- . 
garh and Shahjahanpur Experiment Stations, with regard to the 
efficiency of small iron mills at present in use in India. The results 
have been published in Pwxo BvMdin No. 42. The.se show that a very 
high extraction jpan be secured if the best type of 3-roller buUock mill 
is working properly. For single dry crashing it is doubtful if it could 
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be exceeded by any type of mill. But to aecuj-e t his the strain on 
the bullocks is great and the rate of crushing slow. The cultivator 
with his light and underfed bullocks slacks off th^ mill and the 
result is inefficiency in extraction. 

It is generally the case that when planting cane a ryot is guided 
by the amount of bulloclt power he has at his command for crushing 
it. The case for power crushing is therefore strong as it not only 
eliminates the losses occm ring in juice e.xtraction by bullock mills- 
does the work more quickly and at a much cheaper rate and gives 
relief to the overworked bullocks at a time when other agricultural 
operations require their services, biit will also enable the cultivator 
to pul down the maximum amount of laml under sugarcane and 
will lead to a concenii ation of the cultivation in the near futnre. 

In modern factoijes we have multiple Roller Mills weighing 
some 700 tons for ci ushing canc*, whilst in comparison with these the 
bullock mills of India are such that a strong man can lift them. 
As mentioncHl by Mr. Ilulmc the.se multiple Roller Mills extract 
some 30 per ( cni . ■ :urc juice from the cane and from^fhis il i.s obvious 
that any s< heme to improve the iiidigeiums methods of llie produc- 
tion of jaggery mu.M include power-driven mills, for there are few 
industries in any part of the w'orld which will stand a deliberate 
30 percent. los,s of material which has to be charged to one stage of 
the operations — ^crushing, and with an industry in a by no means 
consolidated jiosition likc that of sugar in India, such a w*astc at 
one stage seriously imperils the whole umlert.aking from a 
financial point of view. 

In parts where sugarcane is not sold direct to sugar factories 
it would seem that the best road to an improvement in the extrac- 
tion of juice and jaggery manufacture lies in the fostering of the 
co-operative principle so thaf. the crushing of the cane can be con- 
centrated and scope may be found foi the working of small power 
plants with more efficient evaporating appliances. 

Evaporating plant for dealing with large quantities of juice 
m tlie making of gur is at the present moment in a state of evolu 
tion. The old Fryer’s concretor is considered very satisfactory in 
its lesitlts as far as quick evaporation is concerned, but it is doubtful 
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if it could effect a qpmplete defecation and evaporation of tte juice 
without fuel beyond that supplied by the cane. It is understood 
that there is new apparatus on the market which has been installed 
with satisfactory results in Fomiosa for making Chinese sugar 
which coiTesponds to a certain extent with )ur Indian gur.^ 

The manufacture oigur as carried out by cultivators suffers among 
other things from the overheating of the jirce causing caraniehza- 
tion and inversion caused by acidity of the juice. It may, however, 
be mentioned that some improvements in the boiling pan and 
furnace have been made in India. As the result of his experi- 
mental work Mr. Chattertou has evolved a system of manufacturing 
jaggery in small power-driven mills the use of which will enable 
the sugarcane growers to obtain 30 per ceiif. more from their 
cultivation tlian they have hitherto done. ]\Ir. Chattertou has 
described in some detail his latest type, of jsiggery furnace in which 
there are four sets of tlwee puns in tiers. Each tier of pans is 
heated by oiu* furnace to which no firewood ljut only dried niegass 
is fed. An abstract of the work of such a furnace with average 
cane is as follows : — 

The lower pan in which the jaggery is finally formed can be 
emptied every 1^ hours. An average output of 0,250 lb. of jaggery 
per day of 24 hours can be turned out. The engine is 12 H.P. 'Phe 
mill has 12" x 18" rollers and can crush 1 to 1^ tons of cane per 
hour. Much, however, depends on the skill of the men feeding 
canes into the mill. The actual cost of making jaggery by this plant 
according to Mr. Chattertou is annas 2 per 25 lb., while according 
to ordinary methods it would cost not less than 4 annas for 1 he same 
quantity. The minimum quantity of cane which such a plant must 
crush in a season to pay for manufacture, depreedation, and interest 
is about 1,500 tons. It would therefore seem that about 150 acres 
within reach are required in Northern India to make its use profit- 
able. About 76 acres will do in Southern India as the yield there 
per acre is comparatively heavier. If the power-driven mill be 
worked by a number of cultivators on a co-operative basis it would 

A Neilson, W. “ Note on Indian Sugar Industry ’* Proceedinys of the Board of AgHcaU 
lure in India, 1»11, p, 83, 
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pay them to instal a smaller size mill for so snpll an area as 40 
acres in Southern India. 

A few power mills are now in use in some parts for gur making. 
In 1912 a trial central jaggery manufacturing station was installed 
by the Director ol Industries, Madras, at Singanallur in which 
greaier rapidity of milling and the complete saving of firewood are 
attained. In Mysore there are at present ten sugarcane crushing 
plants driven by gas or oil engines and it is anticipated that 
about ten more will be started during the next few months. At 
least ten power (;ane crushers are at work in the Bombay Presi- 
dency and the use of impioved furnaces and moie economical 
crushing mills is being snccessfidly demonstrated by the Local 
Department of Agriciiltuie. TJie charges on these power plants 
can be very largely redneod if something were done with the engine 
in the off season snelt as attaching rice hulling or oil-pressing 
mac-hinery to these plants. 

As rc'gards tlie prolongation of the crushing season by arrang- 
ing varieties of c.ii.o at difi'erent time,^ of planting, el<“., it appears 
that Di‘. Barber bad tried it at Harnalkota ndthout success and 
Mr. Neilsoii, the Manager of the South Indian Sugar and Distilleries 
(b., had done the same in South Arcot. The cane did not grow 
properly and the most th(!y could do was to get a four month? 
crushijig season.' In Mysore it appears that the crushing season is 
longer. In Bihar Mr. Taylor has found that while the canes known 
as Khari and ShakarcJiynia ripen very early and give good sweet 
juice even as early as December, dwarf canes such as Mango, Ilemja. 
and Rheora riptm more than a month later when grown under the 
same conditions of cultivation. These dwarf canes in fact were 
found not to ripen till the middle of February and shorved their 
maximum sugar content early in March. It would therefore seem 
that the judhuous selection of varieties will help to prolong the 
period of working of a Central Factory in Bihar. 

Cane in the Central Provinces is ordinarily planted from 
January till the end of March. But the results of experiments {vide 
Messrs. Clouston and McGlashan’s article in the Agricidtural Journal 

* Proceediugb of tiio Agncuituxal and Trade Conference, Madras, December 1914,)). 164. *• 
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of Indda, July 1915), have shown that cane planted in October 
gives a much larger yield than that planted in February and March 
as practised locally. When planted in October it gets a good start 
before the hot weather sets in and being 4' — 5' high in February 
escapes the darmtge arising from stem-borers and red rot during 
the months of February and June. This indicates that there is 
scope in the Central Provinces for the extension of the planting 
season. A factory situated in a favourable locality in these parts 
would thus be able to prolong its working season. 

IV. Central Factory System. 

There are two systems under whicli sugar is gi'own and made, 
one the “ plantation ” system of the West Indies, the other the 
“ Central Factory ” system which is a more recent one introduced 
in various countries. In tlie I’lantation system, tlie land, the 
agricultural labour, the factory and the manufacturing capital, 
are all under one control. In the Central Factory system, with its 
various modifications, several independent peo]>le are bound to 
assist one another by legal contracts. As shown in Agricultural 
Ledger No. 12 of 1903 by Messrs. Burkill and Weinberg, there are 
four types of Central Factories in the sugar-producing countries : 
(1) co-operative central lact.ories, cane-purchasing central fac- 
tories, (2) without land and (3) with land, and (4) land-hiring central 
factories. In co-operative central factories, the shareholders are 
cultivators of cane wdio by joint sul)scri])tion put up a factory which 
is in the charge of an expert manager, (iontrollecl by the Board of 
Directors, elected by the cultivators. It will be seen that the 
system of co-oj)erative central fa(!tories in which the outside 
capitalist is eliminated i'ef|uires capital and a developed sense of mutual 
trustfulness on the part of those who combine to work it. and 
can only be adopted where those co-operating are engaged in cane 
business only and have their own estates on which they can laise 
if necessary the capital required. 

In some of the West India Islands another form of co-operation 
is also practised. Briefly the arrangement is this.' 

A Nolo ('ll Fiuliairtiujfar Imluarry ttfid Mo(Terii TiletliodH of Saj^ar Man u fact iiro.. Unflcu 
dSo.li^ofthel}ept*ofAyrl.i'B0mbuyfi^li.‘ . • - 
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“ The capital required for equipping the, factory is raised by 
debentures bearing 5 per cent, interest. All the debentures are 
to be amortised in 15 years. Every debentiure holder receives a 
certain number of ordinary shares as fully paid up. The cano 
growers enter into contract with the factoiy for keeping a (iortain 
area under cane. The factory pays a definite price for tlie cane. 
After paying the manufacturing expenses, the interest on. debentures 
and addition to the sinking fund the net profits are equally divided 
between the cane growers and the shareholders. 

“ The principal idea of both these arrangements is that a full 
price is paid to the canc planters foj the supply of (iane. The capital- 
ists supply money for the factory and work the factoiy in trust. 
When in 15 years the capital investment is paid off the capitalists 
and the planters become equal participators in the assets and lia- 
bilities of the company as well as the profits. The planters lose 
nothing. They get full price for their cane and as an advantage 
of co-operation they get half the assets in the company and share 
haK of the profits While on the other hand the capitalists get 
back all the money invested and for the risk they had incmied 
in investing the money they get half the assets of the company 
and shai-e half the profits ; so that both get fidl advantage of the 
co-operation and lose nothing.” 

In the case of purchasing factories they may either be factories 
buying the cane from cultivators or hiring the right to grow it as 
they desii'e on the land of others. The cane-biiyjng factories exist 
in many parts of the world, including India. The land-liiring 
central factory system is the system of Java. Experience has 
shown that cane-purchasing factories having no land gradually 
develop into those owning or hiring land, to enable them to 
make certain of a supply of cane and also to get the best variety 
at the most suitable time. 

This method is more businesslike than the former, for the 
following reasons : — 

1. The land is under factory control and run for the factory, 
whereas the ryot grows only as much sugarcauo .on his land as he 
can spare after making provision for his other requirements. N 
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2. All cultivation is done under supervision of experienced men, 
done at the right time and in the right way. The ryot may, on the 
contrary, be* a good or a bad farmer and his crop results vary 
accordingly, with the result that the factory has to take over a mixed 
lot of cane. 

3. The dates of the crops are fixed months ahead, and the 
factory in -consequence can work for periods planned beforehand 
to be at once economical and convenient. 

It takes little acumen to realize that a factory following this 
method can outdo another having no guarantee for the sufficient 
supply of cane at fair rates and it becomes a problem how to keep the 
factory paying and the ryot in that state of fi-eedom and indepen- 
dence which is the sine qua non of a flourishing agric.nltural population. 
In Java and Formosa where the sugar industry pays best, practically 
speaking, facilities are given to sugar mills at the expense of the 
cultivators. 

We may now turn to a consideration of the question where 
central sugar faptories of the modern type can be established in 
this country. The tracts where the cultivation of sugarcane is 
concentrated are parts of the United Provinces and Bihar. The 
area under sugarcane is rising in the United Provinces and as the 
increasing imports of foreign sugar have led to the abandonment 
of a large number of small indigenous factories which formerly made 
sugar from rab, more of the cane crop is available for commrsion 
either into gur or the manufacture of sugar direct. Here the 
cultivators are not unaccustomed to selling their cane and it will 
not be a difficult matter to get suflicient supplies of cane, provided 
the factory pays the cultivator as good a yjrice for the cane as he gets 
at present from the conversion of his cane into gur. The cultivators 
are accustomed to taking advances, but this the factory can afford 
to give as it materially strengthens its own position and control 
thereby. The quality of cane is somewhat poor, but considering 
the rate at which cane can be purchased in thes.- parts it has been 
found that a central factoiry can work with profit. The geographical 
situation of the United Provinces which are far removed from the 
Sea is also an advantage as the heavy transport charges on the 
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imported foreign sugar act as a sort of protection to the indigenous 
product. If some sort of mechanical transport were adopted it 
would considerably reduce the transport charges and also enable the 
cane to reach the factory in good condition. At present, cultivators 
bring their cane to the factory in bullock carts — a slow ;uid costly 
method of transport — ^very inconvenient for the factory to handle. 

The Grorakhpur Division in the south-east of -the United 
Provinces supplies the cheapest form of gnr and vjxjiorts 
about 10 lakhs of niaunds of this commodity. About 
one-tlihd of tliis finds its way to the Cawnpore refineries. The 
price is invariably low, rarely exceeding Rs. 3 and falling 
as low as Rs. 2-12-0 or Rs. 2-8-0. In 1012, pi ices fell to such 
a point that it di<l not pay to manufacture the cane into gur 
and some of the crop was, according to Air. H<iiley, fed to 
cattle. A central factory in these parts would, in the opinion of 
Mr. Hailey,' “probably be a boon to the cultivators in providing a 
steady market for their cane and a more profitable means for its 
disposal than by c(.n certing it into gi<r. If there, is a profit to the 
refiner WHO has t^i I r}in.sj)ort his raw material long distances by rail 
and employ expensive fuel in refining, there should priim/ facie be 
openings b;r proiierly eipiipped cane-crushing factories on the spot. 
As the surplus of gar and country-made sugar avail.iblo fo!' export, 
after satisfying local c'msumption from this trade block amounted 
to some 17 lakhs of maunds, there should be no tack of cane.” 

The same author has, however, pointed out. that in the Upp? 
Doab and in Bijnor and Bara Banki district s a Central Factory 
would have little chano<‘ of success owing to a well-e^^tablislicd and 
profitabh' export trade in gur and the prohUiiiive price of cane. 

At Bubnoulie in the United Picvince.s a Centrat Factory has 
been set up with a capacity of from 400 to tiOO tons. In Bihar 8 
Central Factories have in recent years been erected. The erection 
of two or more factories is in contemplation. The production of 
sugar in Bihar is paying and an exteasion of the imlustry is likely as 
the conditions here are favourable for the Central Factory system. 

1“ Prices of Out uud Caue iii tlitt t'uilcU Provinces.” Agricultural Journal of Indut, 
Vol, IX, p, 226. 
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In the Kamrup^and Goalpara districts of Assam there are tracts 
of waste land approaching 50,000 acres which are supposed to 
be suitable for sugarcane growing on a large scale. Here the 
question is not one of finding water for inigation which if required 
could be arranged either from fJie numerous streams or 
from wells, but one of drainage which requires careful 
attention before any good results can be hoped for. In 
North Eamrup an area of about 1,000 acres has been taken 
up by the Agricultural Department for the initiation of an 
experiment in sugarcane cultivation by means of steam tackle, 
the object in view being to ascertain at what cost per raaund cane 
can be produced. It is estimated that if cane can be produced 
at annas 6 or less per maund of 82 lb. the manufacture of white 
sugar by a large factory will yield a handsome profit. In the 
event of the experiment proving successful it is intended to hand 
over the concern to capitalists who rvill iiunease the area under 
cane and build a sugar factory on the spot. Funds have been 
provided for carrying on the experiment for three years but if 
sufficient proof of success is obtained earlier the concern will be 
disposed of. 

In the Mon Canals area in Burma a Kangoon firm has under- 
taken to conduct an experiment in sugarcane cultivation under the 
supervision of an expert from Java with a view to discoyering the 
suitability of the tract for sugarcane cultivation on a large scale and 
the erection of a factory equipped on the most modern lines. The 
Local Govermnent have agreed to meet half the cost of the experi- 
ment up to a maximum of Rs. 10,000. 

In the Central Provinces a lease of about 4,600 acres of Govern- 
ment waste land, untrammelled by any rights of tenants, has been 
given to Mr. MoGlashan of Cawnpore, with a view to the formation 
of a company. Extension of sugarcane cultivation is possible in 
parts of these provinces where facilities for inigation can be 
provided. 

One of the reasons why the manufactuic of white sugar in 
^ - India is not making any substantial headway is that a factory in 
ler to be successful must be large enough, and this entails a 
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large initial outlay. It also requires a l%rge expert stafE to 
work it. 

In Egypt only factories with a capital of jis inucli as £200,000 
have survived and even they have found it necessary to own and 
control 20 per cent, of the necessary cane-giowing area to steady the 
market, the small factories working on the system of control by 
advances having failed. ' . 

In India sugarcane cultivation is scattered and the quantity 
grown every year is subject to variation. Big sugarcane estates 
are practically absent except in some parts like Bihai-, and the 
formation of new estates in the midst of areas already imder 
specialised and liighly paying crops is practically out of Ihe 
question. Modern sugar factories here have therefore to deal 
with numerous small holders and are thus dependent upon a 
large number of cultivators ignorant of the business methods 
which a factory has to adopt. Success will dejiend upon the 
extent to which good-will and co-operation of these cultivators 
is secured by the manager of the factory. In .lava and the British 
West Ii.dies every factory either owns or has managing control 
over 4,000 — 5,0(t0 acres of sugar plantation and can thus ensure the 
steady siqiply of raw material. In other sugar-producing countries 
where this is not possible and cane has to be purchased from in- 
dividual planters the holdings are fairly large and the farnu'rs 
are usually educated businessmen who understand how to deal 
with the factory in a business-like way. Even where cane has ^o 
be purchased from small holders it is only a small portion of the 
total cane supply. 

It must, however, be said that the diHiimlties mentioned above 
are not insuperable in the United Provinces and Biliar, and that 
they liave been overcome will bo seen from the successful working 
of the factories established there. It is true that w’here (iane culti- 
vation is not concentrated but very much scattered all idea of sugar 
production must be given up. There and in Bombay, Central 
Provinces, Mysore and jiarts of Madras w'here the manufacture of cjur 
pays better thau sugar the w’orking up ol tlu^ cane into raw sugar 
must continue, but even in this there is much room for improvement. 
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The efficiency of large factories ' at work in India compares 
favourably with that of factories in other countries, but the raw 
material they have to work with is not of the same quality and it is 
much aft’ected by annual weather disturbances. The indigenous xikh 
and gamm varieties, commonly grown, contain from 9 to 11 per cent, 
of sugar varying with the season. But the quality and amount of 
fibre is such that high extraction is not so easy as with varieties like 
Rose Bamboo and the thick IMauritius canes. The problem of 
producing white sugar will be much easier to solve if the outturn of 
sugar per unit area is increased by im])roving and intensifying the 
cultivation and if better varieties are selected with reference both 
to their actual sucrose content aiul their workability in the factory. 
It is believed that such impiovements are j)ossible even though 
they may take time. 

Java has numerous advantages over India in the matter of 
cane cultivation, not the least of which is climatological. The 
scientific excellence of the Java sugar factories, their managers 
and their workmen, has long been well known. They fought through 
the difficult period of the sugar bounties competition triumphantly. 
The making of good dry white sugar diiect from the cane juice is 
no easy matter. “ Its nianufai^ture, ” in the words of Dr. Geerlias. 
“ demands not only a good knowledge of general sugar manufacture, 
but also special skill on the part of manager and workmen and above, 
all a large capai;ity in all departments of the sugar house and a 
proper arrangement of the whole jjlant. The plant should be 
well designed and well constructed, anti the stuff and workmen 
should understand their work. Kven the best process of white 
sugar manufacture will fail where tlie machinery is inadequate or 
the men incapable.” In India, in the past, factories were opened 
which were in some cases not up-to-date and in some cases far 
from railways, in others far from sources of supply of raw material, 
and above all, they were not all under the. supervision and manage- 
ment of practical factory managers with the requisite amount 
of skill and experience. Matters are, however, improving, and there 
are factories now in Bihar which in their working will compare 
favourably with some of the best factories in the world. 
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V. Palm Sugar. 

As India’s production of palm gur and sugar is tlose on hall 
a million tons and as tliis industry is capable ot iinj)rovenient a 
brief notice of the sanni is here necessary. In parts of Central 
India date trees grow wild but practically spealdng the juice 
is not converted into gur or sugar. The cultivation of date palms 
is an important industry in Bengal. Palm gitr and its products are 
largely consumed in tlu; districts in which the\ are niiide, bul in the 
Jessorc district there ari! many refineries. iMost of tlie sugar j-efined 
in Jessorc goes to Calcutta and is largely used lor tlu; pi'eparation of 
native sweetmeats. Mr. H. E. .innett has thorongldy investigated 
tlie condition of tin' date sugar industry in Bengal and published 
the results in the Memoirs, De-jKirtmcnt of Agrieuhnre, India, 
Chemical Series, vo*. 11, no. 0. A few of his suggestions are here 
mentioned. 

At present only 24-0 trees per acre are usually grown, giving 
a yield of 2 H tons of gar but by the regular planting of .SoO trees 
per acre an average of 3 tons of gur, per acre, (;an be obtained. 
It has been found that the thhdeest trees arc the largest yield ers ; 
lienee the sowing of selected seed from such trees is well worth 
experimenting. In the manufacture of gar also there is room for 
much improvement. ’I’lie u.se of dirty earthen pans in rvhich the 
juice is boiled is to a large extent resjionsible for the dark colour 
of the date gur. With iron pans jaggery of ve^y fine quality can 
be produced. The aid of the principle of co-operation among 
date growers is here indicated. The present method of refining 
by means of water weed is an exceedijigly slow prociess. If 
centrifugals were introduced the process would be much quicker 
and the turn-over much greater. The juice e.xuding from a freshly 
cut surface of the date tree contains only sucrose. Inversion 
takes place afterwards while it is standing in the pot overi.ight. 
Air. Annett recommends washing tlie cut surface of the tree 
with formaline once a week and the addition of a small quantity of 
formaline to the pots daily. Treated in thi.s way a very appreci- 
able increase in yield of sugar per tree might be obtained. The 
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substitution of cheap metal pails for the earthen pots is also 
recommended. 

The present m-iter is inclined to think that if, as suggested 
by Mr. A. E. Jordan' in 1906, small steam plants for converting 
the juice into sugar were put up in the centres of the date 
tree cultivation and arrangements made to collect the juice 
from numerous cultivators in a tank which was then immediately 
treated with formaline with a view to prevent inversion, the 
position of the industry would b<^ improved.* 

In the Soiithern Districts of Madras and in Upper Burma the 
juice of the palmyi'a palm is converted into ffur which is largely 
consumed locally. In otlier parts of India its juice is utilized 
mainly in the form of toddy, an intoxicating drink. If the value 
of this juice as a sugar producer be brought home to the people 
in these parts more interest is likely to be taken in the extended 
cultivation of this palm resulting in an increased output of sugar 
in this country. 

In Madras besides the palmyra, the date-palm and the coconut 
are also tapped for the manufacture of sugar. But the only attempt 
to organize tapping and to manufacture sugar commercially direct 
from the juice is the factory at Kulasekharapatnam belonging to 
the East India Distilleries Co. 


VI. CONCLUSTON. 

To conclude ; It will be seen on a comparisoti of the figuies of 
the last five years with those of the preceding quinquennium that 
substantial increase has taken place in the acreage under this crop 

I “Indian Sugar Development.’* Report of the Second Indian Jndv atrial Conference, ]906, 
pp. 227*28. 

*. Since this wus put in type the writer has come across the following in the recent report 
of the Bengal Department of Agriculture. 

Government has sanctioned the purchase of r small apparatus from America such as is 
used there for the production of maple sugar. The plant ordered should deal rapidly with the 
juice of a large number of date trees. It is now on itj way and is to be tried next cold 
weather in the Jessore District. Metal collecting buckets for tiie juice are also being 
imported. It ifr^also proposed to collect the juice from the pots in large gathering tanks. 
These will be trapsported from distant gardens in carts or boats to the sugar-making house. 
This should save much labour. 
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in Northern India. In Bihar and parts of the United Piovincos new 
factories on up-to-date linos arc spiinging u]) and making the busi- 
‘ ness pay. The Government Sugar Engineer Expert, Mr. Hulme, is 
able to guide the owners of prospective factories in the selection 
and installation of the most efficient kind of machinery. It should 
not, however, be supposed that results can be obtained in a short 
time, but now that the problem is being attacked systematically 
from several aspects substantial improvement in the Indian 
Sugar Industry will result in course of time. It is likely that 
capitalists will see their way to erecting new factories in Bihar 
and eastern parts of the United Provinces as the supply of cane is 
reasonably assured at a price which, while remunerative to the 
cultivators, will also enable, the factories to work at a profit. As a 
matter of fact there are factories in Bihar, which procure good 
cane by purchasing in advance from cultivators and obtain excel- 
lent results. The cultivators in the neighbourhood of such 
factories are saved the tioublc of crushing their cane and convert- 
ing it into gm\ T!ie strain on their bullocks is thereby lessened and 
they are enabled to attend to other agricultural operations. In these 
days of specialisation the cultivator should not undertake the role of 
manufacturer as he is sure to do it badly. The factory owner should 
try to have at least some few acres under his own plantation and 
then try to increase the outturn by better cultivation, more liberal 
use of n\anures, introduction of better varieties, etc. The culti- 
vators, when they see such results, will in course^ of time adopt the 
improvements and this will be to the material benefit of both. 

Nowadays competition is so keen and prices are so cut that 
every possible aspect has to be considered, and in many cases it is 
only by the fortunate discovery of a by-product that an industry 
is enabled to carry on. Java has everything in its favour and will 
certainly not lose the Indian market without a struggle, and it is 
therefore up to India to face the problem — either to run the industry 
as a business — ^to make a profit irrespective of everything else, or 
to continue as now a state of things whieh cannot lead to success 
when put in the field against such pow'crful and well organized 
rivals. 
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Here in India we have an industry wiiich badly needs more 
capital to enable it to expand and the fact that the Agricultural 
Department’s experiments and the assistance available from Gov- 
ernment sugar experts has made it possible to overcome many 
obstacles which formerly obstructed jirogress, should greatly assist 
in the bringing in of fresli c-apital which is essential to development. 



A NOTE ON THE DIAGNOSIS OF GLANDERS* 


BT 

A. W. SHILSTON, M. R. C. V. S.. 

Aisintant Bactet-iologiet in charge of the office of Imperial Bncteriologiet, 
MuJUesar Lahoratorieg. 


In equities that become infected by the Glanders 'organism, 
the development of external symptoms of the disease is usually 
slow, so that only in a small proportion of cases is diagnosis possible 
by clinical examination alone. Since, liowever, affected animals, 
that are apparenLiy healthy, are capable of sprea^ng the disease 
not only to other animals but also to human beings, the urgent 
necessity of detecting and eradicating such centres of infection is 
very evident. 

The discovery of Mallein by Helman and Kalniny in 1891, 
an<l its application by subcutaneous injection marked a great 
advance in the means available for the diagnosis of latent cases of 
the disease. 

The various forms of Mallein are all prepared from cultures of 
the Glanders bacillus (W. Malki) and contain substances which when 
introduced into the body of a glandered aniqial, provoke a general 
febrile reaction and symptoms of local inflammation at the seat of 
inoculation. In healthy animals Mallein produces little or no 
reaction. 

The subcutaneous metlxod of applying the Mallein test has 
been relied upon almost solely in Great Britain for the suppression of 
the disease and the results obtained duringthe past ten years are cer- 
tainly sufficiently convincing to warrant the confidence with which 
the test is regarded ; the munber of outbreaks, as recorded in the 
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Board o£ Agriculture report for the year 1914, has fallen steadily 
from 1,529 in 1904 to 162 in 1913 and 97 in 1914. 

It had early to be admitted however that, in addition to 
certain recognised conditions under which the Mallein test is un- 
reliable, there were a small percentage of infected animals which 
failed partially or completely to respond to a subcutaneous injection 
of the agent. 

Accordingly, numerous investigatois sought to find other means 
of diagnosis to replace or supplement the subcutaneous test and 
several interesting and delicate methods were devised. Some of 
these depend on the demonstration of- specific substances in the 
blood serum of infected animals, but since they are essentially 
laboratory tests, their description is outside the scope of the present 
article. 

The two methods to be described are modifications of the 
Mallein test which owe their characteristic features to the sensi- 
tiveness of the tissues surrounding the eye, and the inflammatory 
response produced in glandered animals by the introduction of 
Mallein into these tissues ; they are known respectively as the 
" Ophthalmic ” or “ Conjunctival ” and “ Intra-dermal-palpebral ” 
reactions. 

The ophthalmic test was introduced in 1907 by Vall^*e and 
quickly gained favour on the Continent and in America as a reliable 
and easily applied diagnostic method for use by practitioners and 
State veterinarians. It is now the official test in the United States, 
Austria, Bavaria, Denmark and other countries where it has 
almost entirely superseded the subcutaneous Mallein test. In 
cases of doubtful reaction, the older test is sometimes employed, 
but the usual practice is to send serum from the suspected animal 
to the laboratory for testing by one or other of the more delicate 
serum methods of diagnosis. 

For the ophthalmic test specially prepared concentrated Mallein 
is required ; this is supplied in the form of a dark brown viscid liquid 
or as a light brown powder (Mallein siccum) which must first be 
dissolved in a definite quantity of sterile water, supplied with the 
powder. Before applying the test both eyes must be exainined to 




OPHTHALMIC TEST. 

PONY 105. 

Eye reaction 18 hours after application of Mal](‘in lo con- 
junctiva : purulent discharife and partial closure of (‘> c. 
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ascertain that no inflammation already exists ;»if this is found, the 
test should not be carried out. Provided the eyes are normal, two 
or three drops of the Mallein are introduced within the eyelids ; 
this may be done with the aid of an eye-droppor or, preferably, on 
a camel hair brush, the inner sui-face of both the upper .^nd lower 
eyelids being gently smeared with the liquid. Only one eye is 
treated, the other serving as a control for comparison* of the re- 
action. 

Immediately after, the application there uull be some lachry- 
mation and reddening of the conjunctiva, but these symptoms will 
disappear in an hour or two, and in a healthy animal nothing further 
will occur. 

In a glandcred animal, the (jharacteristic reaction commences 
usually about the sixth lionr and lasts from twenty-four to thirty-six 
hours or longer.. It i onsists of a purulent discharge from the con- 
junctival sac which (iollects at the inner canthus of the eye in 
yellowish lumps and may run down over the face ; there is also 
reddening and some .'.welliiig of the conjunctiva, with occasionally 
gluing of the eyelids. To judge the result, the tested animal should 
be examined from twelve to twenty-four hours after the application 
of the test. The joaction varies in degree in different animals but 
only a purulent yellow discharge is to be considered positive of 
Glanders. When there is nothing more than a greyish slimy dis- 
charge and .slight inflammatory reaction, the case is doubtful and 
a second application may be made to the samo eye in 24 hour* 
when a definite conclusion can usually be arrived at. If not, the 
subcutaneous test may be carried out or the ophthalmic test repeated 
in-two or three weeks. Care must bo exercised to ensure that the 
attendant does not wipe away any discharge that may occur. Only 
in a proportion of cases, usually those giving a marked eye reaction, 
is there any febrile disturbance so that in practice it is not necessary 
to record temperatures. The existence of slight fever does not 
interfere with the application of the test. 

The ophthalmic test may be applied 24 hours after the sub- 
cutaneous test has been performed, but is more reliable if carried 
out before the latter : the subcutaneous test influences to some 
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extent „ ojjhtlmlmic test «nd may seriously affect later 

seruw tests, put the ophthulwiiG test hus no effect on Rny other • 
diagnostic method that luaj be carried out afterwaixls ; this is one 
of its chief advantages. The ophthalinic and subcutaneous tests 
may be carried out simultaneously but during the height of the 
fever reaction the conj unctival symptoms may cease, usually, however, 
to appear again when the fever subsides. In cases where an ophthal- 
mic reaction is followed within two or three days by a subcutaneous 
test, it will frequently be observed that inflammatory symptoms 
again appear in the eye that was previously tested. 

A drawback to the employment of the ophthalmic test in India 
is the frequency with which animals show slight conjunctivitis, the 
result most probably of the entrance of dust ; in such cases the sub- 
cutaneous or intra-dermal-palpebral test will have to be carried out. 

In mules the subcutaneous test appears to be less reliable than 
in horses, so that in addition to the simplicity of its application and 
the avoidance of the troublesome process of temperature taking, 
the ophthalmic test Avould seem to be particularly suitable for appli- 
cation to these hybrids ; whore largo numbers of cquines have to 
be tested rapidly, as at Remount Depots, the method could also 
replace the subcutaneous test with advantage. 

The intra-dermal-palpebral test is the latest form of Mallein 
application and was first suggested by an Italian veterinarian, 
Lanfranclu, in 1914. It has been employed very largely in France 
during the past yehr and reported on most favourably. The method 
is really a combination of the subcutaneous and ophthalmic tests 
and unites the advantages of both without, it is said, their disad- 
vantages. 

The ordinary Mallein, as used for subcutaneous mallination, 
is employed, but the dose given is only 2 minims or 0'126 cc. instead 
of 1 cc, as in the older method. 

The dose being small, a 1 cc. syringe. Record or other reliable 
pattern, graduated to cc., is necessary and care should be 
taken not to inject more than 0'2 oo. of the Mallein. The injection 
is made into the depth of the skin of the eyelid, usually the lower, 
though it appears to be immaterial if part of the dose is injected 
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into the loose connective tissue between the skin of the lid and the 
conjunctiva ; for this purpose a fine shoit needle is required, such 
’ as is used by human surgeons or dentists ; in this ca8e few horses 
make much objection to the insertion of the needle. To avoid risk 
of piercing the lachrymal sac, it is well to direct the pomt of the 
needle backwards when injecting the lower lid. 

In anim als free from Glanders, a slight swelling of the injected 
lid may persist for a few hours, but this will have disappeared by 
the twelfth hour. 

Glandered animals exhibit a characteristic reaction which com- 
mences about the ninth hour, reaches its maximum between the 
twenty-fourth and thirty-sixth hours, and may pci-sist for three or 
four days. The injected eyelid becomes swollen and painful and 
the other eyelid may become similarly affected. The conjunctiva 
is inflamed and a muco-purulent discharge accumulates at the inner 
canthus of the eye ; the oedema of the eyelid and sensitiveness to 
light causes partial or complete closure of the eye. 

The reaction rcsenibles that obtained by tlie^opJdhalmio test, 
but owing to the ^welling of the eyelitl is more j^ronounced and 
pfirsists for a longer period. At the same time there is a thermic 
reaction similar to that following a subcutaneous injection of Mullein ; 
this appears to be nmch more constant than in the ophthalmic test 
so that temperatures may with advantage lie taken at tlie usual 
intervals. When a doubtful reaction is obtainotl the test may be 
repeated on the other eye, forty-eight horns latej'. 

The subcutaneous test should not precede or follow the intra- 
dermal-palpebral test by a shorter interval than three weeks, but 
the two tests may bo applied simultaneously without any inter- 
ference with the reactions of each. 

The experience in France is that this test is more reliable than 
the subcutaneous test, requires a smaller quantity of iyiallein and 
may be canied out without the labour of recoiding temperatures 
at short intervals ; one examination twenty -four hours after Ihc 
injection is usually sufficient to arrive at’ a definite conclusion. 

Moreover, in a country where the high atmos 2 )heric tempera- 
tures and exposure to sunlight have a marked effect on body 
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temperatm’e, thermic reactions cannot be relied upon, so that an 
unmistakable local manifestation is of great advantage ; the 
most striking and reliable is undoubtedly obtained by the intra- 
dermal-palpebral method, when accurately applied. 

Concenti'ated Mallein for the ophtlialmic test, as well as the 
ordinary variety for the subcutaneous and intra-dermal-palpdbral. 
tests is supplied from the Imperial Bacteriological Laboratory, 
Muktesar, United Provinces. 



CLOVER AND CLOVER HAY. 


BY 

A. HOWARD, C.I.E., M.A., 
Imperial Economic Botanist^ 

AND 

GABUIELLE L. 0. HOWARD, M.A., 
Second Imperial Economic Botanist, 


I. Introduction. 

One of the i liiof factors which liniits producjbion, in tlic soils 
of the Qiietta valley, is the amount of organic matter. Imme- 
diately tlie proportion of this substance is increasetl, either by 
direct manuring or by the cultivation of crops like lucerne, growth 
becomes more vigorous and raj)id and the yield materiahy improves. 
I n the case of wheat, for cxiimple, the average yield of the umuaniu'ed, 
irrigated cro}) is about thirteen maunds to the acre while consider- 
ably over twenty maunds are often obtained from similar land tha^ 
has been fertihzed. Heavy dressings are applied to the fields near 
the main roads within a tluee-mile radius of the Cahtoimients, 
where tlie storage of stable manure is nqt permitted. Outside 
these areas, there is a marked falling off in production, and, where 
the laud is only occasionally manured, the ivheat crops are poor. 

The physical effect of an increased supply of organic matter 
in the soil is two-fold. In the. first place, its porosity is improved 
and gaseous interchange between the atmosphere and the soil is 
accelerated. But for the organic matter, the fine particles of the silt* 
like soils of the valley would pack so closely after surface irrigation 
as to deprive the soil organisms and the roots of crops of a sufficient 
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supply of air.* In the second place, the tilth and water-retaining 
power of the land are improved. 

The need of a fresh source of organic matter in these soils is 
clear. The amount of manure is limited and is likely to remain 
so while the benefits of a lucerne crop are restricted by the fact 
that it remains in the ground for five or six years and is thus of 
limited value as a rotation. Some crop, preferably a leguminous 
annual, which can make use of the winter rains and which can 
be used as a green manure is therefore needed to improve the gene- 
ral agriculture of this tract. Four such crops have been tried at 
Quetta during the last three years — sulla (Hedysariim coronarium), 
bersoem {TrifoUum alexatidnanum), annual red clover (Trifdium 
pratense) and Persian clover or shaftal {Tnfdium resupiiuftmn), 
Sulla is an imjiortant fodder crop of the jMediterranean region but 
does not withstand the cold of winter at (Quetta. Berseem grows 
faiily well, but does not yield a saiisfactoi}'^ weight of produce." 
Annual red clover is perhaps more satisfa(-‘tory than berseem, but 
the growth is slow althougli the crop is not checked by the hot 
weather of July. Shaftal proved much the most satisfactory of 
these plants as it will yield four crops in one year, three of whicli 
can be utilized for fodder and the last either for seed or as green- 
manure. The plants set seed freely during the month of June so 
that there is no difficulty Avith regard to a fresh supj)]y for sowing. 
No pests have been observed on this crop when properly groAA'u 
and Avhen regularly cut. If, however, it is overwatered and if it 
is not cut in time, the leaves are often attacked by a rust fungus, but 
this does not reappear on the foliage of the new growth unless it 
becomes over-ripe. 

II. The Cultivation of Persian Clover. 

Provided a few simple precautions are taken in establishing 
the crop, the cultivation of shaftal presents no difficulties. The 
procedure follows, in the main, that which is usually adopted in the 
case of luesrne. 


I 8&q ** Boil Yontiliitioiii V Bulletin Agricultural Beseareh Inetitulc, Buda» 1916. 
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Sowing. Grown under field conditions, where the young crop 
is ej^osed to drying winds, the seedlings are most easUy established 
under a somewhat thin cover-crop of maize or jvar. The cover- 
crop protects the soil fimii wind and sun and also allows the sJiaftal 
seekings to develop quickly a strong root-system. The amount of 
seed required is about ten seers to the acre and, before sowing, it 
is an advantage to sprout it. This is done by soaking tlie seed 
in water for a few hours and then spreading it on a damp gunny 
bag, in a layer about hall an inch thick, and coveiing with another 
damp sack. In from six to eight hours iii an ordinary room, sprout- 
ing takes place and almost all the seeds just begin to show the 
radicle (young root). The germinating seed sliould then be mixed 
with its own weight of dry earth (to .separate it for sowing) and be 
sown broadcast on, the iriigation water in the Maris as soon as the 
water is at rest. In tliis manner, the seeds root at once and, 
on the second day, germination is complete and the soil is 
covered with rapidly developing scedlijigs. A light covering of 
dry earth, applied as soon as po.ssible after sowing, does much "to 
assist the .soedlii.t;.'' and to conserve the moisture. A second light 
waterijig should be given as soon as the surface of the ground htis 
dried and tlie seedling.s cease to grow. The time of sowing is impor- 
tant. Shaftal does not gej ininate well at Quetta until the summer 
temperature falls iluriug the .second half of August. Late sowings, 
on the other hajid, do not do well on account of the cold. It is 
best to sow the crop rluring the latter part of August and to take 
the first cut towards the end of October or early in November. In 
this Avay, shaftal develops a strong root-system before the cold 
weather and is able to withstand the frosts of winter without 
damage. 

Irrigation. To obtain the best yield the croi) must not be 
over-watered. After the removal of the cover crop in early Sep- 
tember, a good deal of water can be saved by the use of a thin 
earth-mulch as .soon as the irrigated surface is dry enough. The 
earth-mulch materially as,siste the young crop in establisliing itself 
and is particularly useful when shaftal is sown in gardens Avithout 
a cqver crop. As in lucerne, the need of irrigation water is shown 
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bj the change in colour of the foliage. As -soon as the leaves begin 
to darken and the plants appear to contract so that the ground 
can be seen, water should be applied. During the winter, little 
growth takes place and the need of irrigation water is not great 
until rapid growth begins in the spring. 

Yield. In considering the question of yield, it must be remem- 
bered that the duration of the crop is limited by the advent of the 
hot weather in June when shaftal flowers and forms seed. To 
obtain the maximum amount of fodder, the crop must be cut as 
soon as possible in the spring and as often as possible. A well- 
established and well-managed crop will yield three cuts of produce 
in the spring before it flowers at the end of May when the last growth 
can be used either for seed or for green-manure. Any delay in 
cutting tends to bring on rust and also weakens the stand. The 
total green crop yielded by shaftal on immanured land amounts to 
about 60,000 pounds per acre per annum, but it is probable that 
on land in really good condition more tlian three crops and a gicater 
weight of produce might be obtained. 

Feeding value.' Green shaftal is most suitable as a food for 
dairy cows and buffaloes, but it can be used for horses, mules or 
work cattle, provided it is chopped small and mixed with sufficient 
hhusa. If fed by itself in large quantities to these animals, it is 
apt to cause swelling, particularly in the spring when gx-eeu fodder 
is scarce and animals are likely to over-cat themselves. 

For some years, the shaftal grow'n at the Fruit Experiment 
Station has been sold to the Govermuent Military Dairy at Quetta 
where it is considered the best fodder available in the district. 
As it yields a cut in the autumn after the lucerne crop is over and 
comes in again in the early spring, the clover crop extends the 
period during which green fodder is available. 

Ellect on the soil. The cliief value of this ciop in the Quetta valley 
is its beneficial effect on the soil in increasing its porosity and water- 
holding capacity and in improving the tilth. Sfiaftal forms a strong 
tap root-'Which gives off a very extensive set of fine laterals. These 
penetrate the ground in all directions and so break up the surface 
soU. After a shaftal crop, the tilth improves and the soil assumes 
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that elasticity to the foot which is so characteristic of arable land 
in really good heart. If the last crop is ploughed in, the amount 
of organic matter added is of course greater and the benefit to the 
soil is increased. In fruit growing at Quetta, the growth of shafted 
between the trees during the first two or three years not july brings 
in a good revenue but also leaves the sod in excellent condition for 
the production of large crops of well-ripened fruit. Such improved 
soils need no manure for some years and their condition, as regards 
tilth and fertdity, is even better than that of the heavily manured 
fields near the Cantomnents. 

Seed supply. About fifteen maunds of sJiaftal seed are produced 
every year at the Fruit Experiment Station for general distribution. 
The growers of tliis fodder should, however, as far as possible, keep 
a portion of their crop for seed as the demand is increasing rapidly. 

• 

111. Clover Hay. 

The advantage of good hay in the feeding of horses and mules, 
engaged in lioavy tiunsport., is well known. In India, real hay is 
however j’are and its place is taken by substances such as hhusa, 
dried grass or dried lucerne, which arc exceedingly hard and brittle 
and which have not undergone the mild fermentation processes 
involved in the preparation of grass or clover hay. 

In 1914, at the suggestion of the Hon. Sir Henry MacMahon, 
G.C.V.O., Foreign Secretary to the Govei'iiment of India, experiments 
on the drying of shaftal were commenced with the object of 
producing a fodder suitable for army purposes. If this crop is to 
be taken up on the large scale by the zamindars, particularly in the 
outlying tracts at a distance from the t'antonments, it is clear that 
some method of disposing of it to advantage must be devised. 
The demand for fresh shaftal is limited as, apart from dairy cows 
and buffaloes, it is not likely to displace lucerne as a green fodder 
for general use. On the other hand, it appeared likely that shaftal 
could be made into good hay more easily than lucerne. 

The diifictdties in making good hay In an arid climate like that 
of the Quetta valley are considerable. The extreme dryness of 
the air, combined with the effects of the sun and wind, dry any 
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green fodder with gBeat rapidity and soon render it so brittle that 
it cannot be handled without breaking it to powder. Such a pro- 
duct cannot be fermented and an operation like baling is out of 
the question. The people get over tliis difficulty, in the case of 
lucerne, by making it into ropes while green. These are afterwards 
dried in the sun and stored. The product, however, is not lucerne 
hay but dried lucerne. No fermentation is po8.sible and there is 
naturally a great loss of leaf involved in the handling of the dried 
ropes. The product has f he further disadvantage that it cannot 
easily be baled so that it can only be used locally and is not suitable 
for an army on active service. 

The disadvantages of the extreme dryness of the climate in 
making clover hay can be overcome by drying the fodder in stages. 
After cutting, the shqftnl is spread out to dry for a day or two w'hen 
it is turned and allowed to dry for another day. When about half 
dry, it is collected into heaps and pressed down firmly so as to check 
the rate of ilrjung. Provided the clover is put into hcaj^s just at 
the right stage, fermentation soon begins and, on the second day, 
the fodder begins to get warm. At this point, the heaps are opened 
and the produce carried to the stack during which it dries consi- 
derably. h'omc little experience is needed in deteimining the stage 
at which to stack the fodder. If it is too dry no sIoav after-fermen- 
tation takes place and it becomes too brittle lor bahng. If, on the 
other hand, it is stacked too damp, overheating takes place and 
the final product •moulds. There is naturally a considerable lati- 
tude between these two extreme conditions in which the product 
can be safely stacked. Some drying takes place in the stack and 
this must be allowed for. When properly put up, the final fermen- 
tation in the stack is somewhat rapid and the light green product 
changes in colour to brownish green. At the same time, the cha- 
racteristic sweet smell of clover hay is developed and the fodder 
loses its harsh and brittle character. Two months in the stack is 
ample for the development of the proper colour and texture after 
which the hay can be baled. 

The loss in >yeight in the process of hay-making is naturally 
considerable and works out between 76 and 84 per cent, according 
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to the stage of ripeness of the green crop. A fair average would be 
20 pounds of hay to 100 pounds of green sJiaftaL 

A number of bales of shafted hay were prepared in 1914 aird 
placed at the disposal of the Baluchistan Fodder Stores for use at 
Quetta during the past winter. Major Hislop very kindly under- 
took to bring the hay to the notice of the various fodder-consuming 
units in the Cantonments and, if possible, to get it tried in one of 
the batteries. This was duly carried out and a full trial of the 
baled shaftal was undertaken with the horses of the 72nd Heavy 
Battery, K.G.A. The Commandant, Colonel ]\r. H. Courtenay, 
R.A., reported on the trials as follows (Letter dated, Amara, July 
30, 191S) 

Iteiiort on Shaftal hay at Quetta. 

“ Up till I left my battery (72nd Heavy Battery, B.G.A.) I 
used shaftal. I found 3 lb. hhma to one of shaftal made an excellent, 
chop, and the horses throve really well on it and the shaftal 
made even the oiiyest feeders eat hhtsa fi-eel}\ 1 prefer dried 
shaftal to dried lucerne and further I .saved at least 2,') per cent, 
ii' cost. 1 can sljonglv recommend it to any horse-owner in 
Quetta.” 

During the present year, a larger .supply of baled shaftal has 
been prepared and the product is unquestionably superior to that 
made in 1914 and tried in the 72nd Heavy Battery. The bales 
have been taken over by the Baluchistan Fodder Stores and 
Major Hislop has kindly agreed to arrange for a further set of trials. 
Arrangements have been made to distribute a number of sample bales 
to the various units so as to make the new fqdder widely known. 

IV. The importance or increased Production in 
THE Quetta Valley. 

The cultivation of shaftal is one of the chief means by which 
the production of the Quetta valley and of other parts of Balu- 
chistan can be increased. The increased cropping power of this 
tract is of importance from two points of view — ^that of the zamin- 
dats and of Government, 
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Prom the standpoint of the zamindars, the cultivation of ahaftal 
would be the means of utilizing the winter rainfall to advantage 
and would aftord a fresh source of green fodder which, without 
much trouble, could be made into excellent hay suitable for use in 
the winter and also for sale to the Army. The fertility of the land 
at the same time Would be increased and in a short time the 
outlying tracts would be as productive as the land immediately 
surrounding Quetta. Larger crops would result and a general 
improvement in agriculture would ensue. The water required for 
the sJuiftal crop w'ould be obtained by growing the wheat crop on 
one irrigation instead of the seven now usually applied.' 

From the point of view of Government, any marked increase 
in production in the Quetta valley and in Baluchistan generally 
would mean an increase in general revenue, xit the same time, 
the supplies of grain and fodder in the neighbourhood of Quetta 
would be improved and the difficulties in providing forage for the 
Army would largely disappear. A supply of shaffal hay would go 
far to solve many military problems as the adoption of baled clover 
instead of bhnsa would reduce the transport trains of an army on 
active service to a very considerable extent. A fodder reserve 
of pressed shafted could easily be built up at Quetta and it might 
even be possible to export tliis material to the various Cantonments 
in the Punjab. 

' See the article on “ The Sowing of Irrigation Water in Wheat Growing,” AgrietUturctl 
Journal of India, Vol. XI,- Part I, 1916. 



SOME SUGARCANE EXPERIMENTS IN 
TRAVANCORE. 

BY 

N. KUN.TAN PILLAT, M.A., B. So., Ph.D., 
Director oj AgricHltnre, Trnrancorf, 


Travancore is not a large sugarcane growing coimiry. Out 
of a total area of about 1,942,800 acres under cultivation in 
Travancore, sugarcane is grown only in about 10,000 acres which lie 
mostly by the sides of large rivers. Such lands are subject to floods 
during the monsoons and receive therefron] a large deposit of 
silt which naturally adds to their fertility. Within recent years 
the hills of Travancore have been explored by European planters 
and mostly converted into rubber and tea estates. The extension 
of cultivation into the hills has, as a matter of course, diminished 
the quantity of silt which the rivers carry down ; and consequently 
the lands by the sides of the rivers have deteriorated, and the yield 
of sugarcane from them has diminished to a certain extent. Under 
such circumstances, the only course open to sugarcane cultivators 
in Travancore to maintain their yield undiminished year after 
year is to adopt improved methods of cultivation, and particularly 
scientific manuring, of their cane crop. • 

With a view to find out the lines of improvements best suited 
to the country under the conditions prevailing here, a series 
of experiments was carried out in one of the important sugarcane 
centres during the cultivation season of 1914-16. A short account 
of these experiments and of the interesting and important results 
they have produced is given below. 

The experiments were conducted with three-fold objects, 
namely, (1) to find out the best method of planting sets, {2) to 

( 79 ) 
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ascertain the advantages of tWck and thin planting of sets, and (3) 
to demonstrate the most profitable method of manuring canes. 

1. Method of planting sets. In Travancore the usual prac- 
tice is that the land is prepared by ploughing or digging and is 
afterwards levelled and the sets are planted in small pits from 3 
to 4 feet apart. Experiments in other parts of India have shown 
that a better method than this is to prepare the land by deep plough- 
ing, convert it into ridges and furrows, and plant sets in furrows, 
the canes after a few weeks being earthed up so as to convert the 
original furrows into lidges and ridges into furrows. These two 
methods of planting sets were tried in two different plots of 10 
cents each, both the plots receiving the same treatment in every 
other respect, and the i-esult was that the plot in which sets were 
planted in pits yielded 000 lb. of jaggery (gur) and the other 672 
lb. of jaggery. In other words the ridge and furrow system of 
planting sets yielded 720 lb. of jaggery more per acre than the pit 
system. 

2. Thick and tJnn planting of sets. The sugarcane cultivator 
in Travancore usually plants 10,000 to 15,000 sets per acre. That 
this is more than what is actually required has been proved by several 
experiments carried oxit in other parts of India. The experi- 
ments in Travancore tell the same tale. Two plots of 10 cents 
each were taken up for this experiment ; in one, sets were planted 
at the rate of 10,000 per acre, and in the other at the rate of 5,000 
per acre. The former plot yielded 528 lb. of jaggery and the latter 
600 lb. of jaggery. Thus by reducing the number of sets by one- 
half the yield of jaggery per acre increased by 720 lb. 

3. Manuring. The only manure that is ordinarily used for 
sugarcane in Travancore is ashes, and that too not in sufficient 
quantity. With a view to demonstrate the superiority of a com- 
plete manure to simple ashes, two plots of 10 cents each were culti- 
vated with sugarcane, one receiving 600 lb. of ashes alone, and 
the other a mixture consisting of 300 lb. of ashes, 180 lb. of oil- 
cakes, and ^0 lb. of prawnskin (a kind of fish refuse). The yield 
from the first plot was. 552 lb. of jaggery and that from the second 
plot 744 lb. Thus the application of the mixture resulted in a 
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net increase of 1,920 lb. of jaggery per acre. ^This increase, when 
calculated in money at the current market price of jaggery in 
Travancore, is equivalent to about Rs. 110. In this cbnnection the 
cost of the manures must also be taken into consideration. It works 
out at Rs. '30 per acre in the case of ashes and Rs. 55 p^r acre in 
the case of the mixture. 

It is interesting to note in passing that the bestyielcLof jaggery 
in the above series of experiments was 744 lb. from a 10 cent plot, 
which is equivalent to 7,440 lb. per acre, and that this is not much 
behind the best yields obtained on Experimental Farms in other 
parts of India. 

The conclusions that may be drawn from tlie experiments 
described above arc the following : — 

(i) Ridge and fmrow system of planting sugarcane sets is 

superior lo planting them in pits, which is the common 
practice in Travancore. 

(ii) Tliin planting of sets is better than thick planting. 

{Hi) The application of a complete manura to the sugar- 

can“ crop, such as a mixture consisting of ashes, 
oil-ciikcs, and prawnskin, is more profitable than the 
application of ashes alone. 



NOTES. 


Rat and Mouse Plagttes.*— These plagues are of periodical 
occurrence in the Bombay Presidejicy and with the sole exception of 
the Konkan or heavy rainfall tract hardly any part of the Presi- 
dency escapes these ravages. The Deccan, in particular, has been 
overrun on several occasions. There arc more than one species but 
Dr. Fairbank of the American Mission states that the three most 
destructive species are (1) the Indian Jerboa rat, (2) the Indian Mole 
rat, and (3) the large-eared field mouse. The principal rat plagues 
since 1874 are recorded in the Statistical Atlas of the Presidency, the 
worst of which occurred in 1878-80. It broke out almost imme- 
diately after the close of the monsoon in October 1878, and rapidly 
spread over the whole Dec;can and Kariratak, December 1879 seeing it 
at its worst. 

The crops most severely attacked were wheat, cotton, jownr and 
garden crops. The only grain saved was that whicJi was huiriedlj’’ 
harvested before it was ripe. The immature bolls of cotton were 
destroyed. In 1879 the early crops were damaged just as badly 
as the late ones. Directly the grain was sown it was scratched up 
and eaten and this was repeated three times in many fields. Aftet 
destroying the rabi crops the rats suddenly decreased in the month 
of December and by the end of March, 1880, they had disappeared 
as unaccountably as they had come. The plague was fostered by 
the religious prejudices of the people Avho thought that the spirits 
of those who had died of starvation in the previous famine were, 
as compensation, allowed to enter the bodies of the rats, and eat 


^ * Taken from an article by Mr, T, F. Main in the 

for October 1916. 


Poona Agrit'nltural College Magazine 
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the unripe grain and seedlings which were unfit for human consump- 
tion. A caste of men known as Vaddars showed wonderful skill 
and patience in destroying the rats by digging them out and these 
men earned large rewards. • As the result of Government offering a 
reward of one rupee per 100 rat tails, in July 1879, 16 million tails 
were brought in, and in the Dharwar district alone a lakh of rupees 
were distributed in rewards on this scale. In 1892-93 another 
plague of rats is recorded. It originated in tl'e same place as the 
great plague of 1878-80, viz., the eastern talukas of Belgaum but 
did not attain such serious dimensions owing to the timely advent 
of rain and an enormous increase of red ticks which are probably 
one of nature’s principal controlling methods for preventing an 
excessive increase of rats. Digging out was again found to be the 
most successful artificial method of dealing with the rats. In 
1901-02 also rats did enormous damage in Gujarat, Khandesh and 
parts of the Deccan. 


Exflanation of rat ‘plagues. » 

It ni.'iv be * .kru for granted that a plague of rats always points 
to the failure of some natural controlling agency which usually 
acts as a clieck on excessive breeding. In the black soil tracts 
where rats are always plentiful any abnormal increase in numbers is 
usually checked owing to the soil swelling with the first heavy rain 
of the monsoon, and smothering large numbers. There was an 
absence of heavy rain in the monsoon of 1878 immediately before 
the great plague, and it was observed that those tracts which had 
suffered most in the famine of 1876-77 also suffered most from the 
rat-plague. This fact also supports the cdnjecture that the usual 
underground stores of grain, brought by the rats from the ripening 
crops, were reduced so greatly that this sliortage of stored food 
drove the rats to seek food on the fallows — where they increased 
enormously owing to the favourable season. It must be noted, 
however, that a wet season does not necessarily imply an absence 
of rats. In 1914-15 after a heavy monsoon Khandesh crops suffered 
severely from rats. Apart from the indirect effect of rain the most 
powerful check on the natural fecundity of the rat is probably the 
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red tick referred to above. The snake and mongoose are also 
formidable en,emies. 


Damage caused by . 'Us, 

It is on record that in the great plague of 1878-80 only one- 
eighth of the early crop was saved in Sholapur district and that 
remissions of land revenue amounted to Rs. 88,480, while in the 
Poona district the haiwests were reduced by three-fourths in the black 
soil tracts. In some parts of Khandesh the people did not harvest 
the wheat crop in 1914-15 as not a head of corn was left in the field. 
Mr . Gadgil reports that at Ner in Kliandcsh in tlie season of 1914-16 
he found underground stores, measuring 4 feet by 4 feet and from 
2 to 4 feet deep, containing as much as 16 lb. of ear-heads from 
which 10 lb. of grain were threshed. Tlie Vaddars make a practice 
of digging out tliese. stores to recover the giain and they alst) eat 
the rats. In Khandesh parties of Bhils were employed in 1914-15 
to dig out the rat holes and recover the grain, a remuneration at the 
rate of one-third ’of the grain so recovered being given. During a 
plague of rats if cotton remains unpicked foi’ a short time large 
quantities of bajjos are pulled off the jdants and conveyed into the 
soil fissures where the rats eat the seed. 

Ccnitrol. 

As noted above the most successful method of dealing with rat- 
plagues adopted in 'the past was to dig out their burrows, but this is a 
most laborious process and various alternative methods have been 
tried. Concealing arsenic, barium carbonate or glass in small pieces 
of food has been tried but has not proved effective due — (1) partly 
to the fact that there is abundance of good food and hence any 
addition to it does not make any special appeal to the rats, and (2) 
the natural instinct of the rats, which undoubtedly warns them 
against such food after the first few deaths. The invariable 
experience with poisoned baits has been considerable success for a day 
or two foHowed by failure. Trapping is not practicable, the num- 
bers being too large. The most efficient weapon which we have 
80 far discovered for use against field rats is fumigation. At Nadi a 
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Mr. Jhaveri who conducted the experiments happened to possess 
a white ant exterminator consisting of a vessel within which char- 
* coal and sulphur are burnt and to which is attached a flexible wire 
tube and pump for discharging the sulphur fumes into the rat holes. 


The procedure of fumigation. 

In practice it is usual to find that several holes arjj connected 
one with another by run-ways in aU directions, and it is necessary 
to stop up all bolt holes before pumping in the sulphur fumes. The 
machine is then worked for about three minutes. For this purpose 
one tola of sulphur powder per hole is required and about sixty to 
eighty holes can be fumigated in a day by a party consisting of two 


* IteiiiH. 

Wages of two coolies at 5 annas 
Cost of li Tl). of Biilphur 
Cost of oliarcotil 

Tot^il 


K. 


10 

1 


n. i) 14 0 


trained coolies at a total 
cost * of less than one 
. rupee in goradu (sandy) 
soil. It was foai'od that 
fumigation would prove 
difficult in the black 
soil where large eiacks extend in every direction, Init if Jias been 
f('und possible to wojk it on these soils if an extra coolie be 
employed to assist in scraping loose soil over the craclvs. In this 
way it was found that the sulphur fumes spread t hrough an area 
varying from one-tenth to one-half gwniJta according to the length 
and width of the fissures and for this j)urpose to 2 tola,<i of sulphur 

were used, tlie time required for such an operation varying from 
5 to 7 minutes. 

A white ant exterminator is a rather expensive machine, costing 
some sixty-eight rupees when imported, but it js hoped to get suitable 
machines made in the Presidency at a much lower figure. 


# * 

* 

Indian HyoseVAMus. — ^The great European war which has 
now been raging for over seventeen months has brought the 
w’orld face to face with many economic problems which have 
previously escaped the notice of the general public. We read of 
the disturbance caused in the world’s dye markets and the trades 
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depending upon artificial dyes by the iscfiation o£ Qeimany, and 
one important phase of this in Indian rural economics is that 
the natural Indigo trade has taken a new breath of life for the 
time being. Germany for the first time to the uninitiated appears 
in the rdle of the principal producer and controller of the world’s 
supply of fine chemicals. Not least in importance of these 
are the many medicinals of which Great Britain and her 
dependencies now find themselves short, dangerously short. A 
number of these compounds belong to the class of so-called synthetic 
drugs — ^that is to say such medicines as antipyrine, sulphonal, etc., 
which are artificially manufactured from simpler compoimds. But 
besides these the faculty still has to make use of a number of plant 
products, medicinal principles, which can be isolated only from 
specific plants and parts of plants like quinine from the Chinchona 
bark ; strychnine from the Nnx vomica ; and atropine from the 
Atropa belladonna. Similar to atropine is another well known 
mydriatic alkaloid of wide use, viz. : — ^hyoscyamine — which is 
obtainable from the Hyoscyamus niger — ^the henbane of the English 
country lane. The writer recently had occasion to analyse a sample 
of Indian Hyoscyamus (probably the Hyoscyamus muticus — ^an 
allied species of the genus Hyoscyamus) grown in the Punjab 
where large quantities of the plant occur in the wild state along the 
river sides. The assay showed the dried plant to contain the ver}' 
high amount of 0'827 per cent, of mydriatic alkaloids. This is very 
much richer than the English henbane, in fact it is nearly ten times 
as strong. Specimens of Indian henbane have been known to contain 
as much as 1 *28 per cent, of alkaloid and unlike the Enghsh variety 
Hyoscyamus niger which contains the alkaloids hyoscyamine, hyoscine, 
and scopolamine the Indian variety muticus is said to contain only 
hyoscyamine. As a source of this important alkaloid hyoscyamine 
Indian Hyoscyamus should receive the attention of the manufac- 
turer of fine chemicals and drugs. 

For the information of those readers of the Journal who are 
interested in the chemistiy of this subject or the manufacture of 
hyoscyamine, below are given the details of the method of assay 
used, which is a modification of that devised by Rupp. (Pharm. 
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1908, 738 ; Ghem. Zeii. Rep. 1908, 32 529 ; Pharm. J. Russ 
1911, 138 ; J. Pharm. Ghem. 1911, 3,561). The method can be used 
‘for assaying extracts of belladonna also. 

Twenty-five grams of the powdered leaf are extracted with 300 cc. 
hot alcohol Sp. Gr. 0’829 in a Soxhlet tube (4 times was found sufficient 
to exhaust the leaves and obtain a washing free from alkaloids). 
The alcoholic extract is evaporated until a sticky brown mass is 
obtained. This is weighed and the weight noted. Six grams of the 
extract so obtained is weighed into a stoppered flask. About 5 cc. 
of water, 90 grams of ether and one gram of ammonium hydrate 
are then added and the mixture shaken for 15 minutes. After 
separation 60 grams of the clear ethereal layer is filtered off and the 
solvent evaporated. Tlie residue is then treated with 5 grams of 
ether and again evaporated to dryness. This is repeated three 
times, each time with 6 grams ether. The residue is then dissolved 
in 5 grams of alcohol 70 per cent, and the solution transferred to a 
graduated 100 cc. flask. 

The first flask i;. washed out witli another 5 cc. of alcohol 70 
per cent, find then with water. To the bulked wdshings is added 
20 grams of sodium chloride and 20 cc. of N/lOO HCL are added 
with sufficient w'ater to bring the whole contents uj) to 100 cc. 
After thorough agitation the solution is filtered. 60 cc. of the fil- 
trate is transferred to a stoppered flask. 30 cc. of ether and 5 drops 
of lodeosine indicator are added. The excess of hydrochloric acid 
« is then determined by titration with N/lOO KOH in the usual 
manner. 

In the meantime a blank experiment with the same reage'iUs 
but without any extract of the leaves, is performed to obtain the 
correcting factor for reagent impurities, and ‘this is deducted from 
the above titration figure. This precaution is absolutely necessary 
as a correction of upwards of 2 cc. of N/lOO HCL is frequently found. 

Each cc. of N/lOO HCL used by the alkaloids = 0‘00289 of 
mixed alkaloids as hyosoyamine. 

This is not the first time that Indian Hyoscyamus has been 
examined, for Dunstan and Brown examined a specimen (J. C. S. 
1899, 76,72), but only O'l per cent, of alkaloid was then recorded.. 
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It is possible that more than one variety of Hyoscyamus exist and 
that the alkaloidai contents of the varieties differ considerably. 
It is also more than likely that the amount of active principle present 
will depend upon the age and condition of the plant, for Godamer 
{Arch. Pharm. 1898. 28), has shown tint in Hyoscyamus muiicus the 
stalk contains 0‘49 per cent., the leaf 0’9 per cent., and the seed 
capsule 0‘585 per cent, of alkaloid. 

Previous to the outbreak of the present war not only was a 
large proportion of the drug grown in Germany but German 
chemists practically held a monopoly for the manufacture of 
the alkaloid. 

If then the supply of this substance falls short of the demand, 
English manufacturing chemists can obtain an adequate supply 
of the raw material from Northern India, for the plant can be 
exported in the dry state without impairing its value for alkaloidai 
manufacture. — (J. H. Barnes.) 

♦ ♦ 

* 

In view of the present cross-breeding experiments being carried 
on in the various dairy farms and milk centres of India with various 
breeds of English cattle, the 1914 Year-Book of the British Holstein 
Cattle Society is of great interest. It is clear from a glance that 
this breed is now the foremost of its type, a type which is undoubted- 
ly the most useful for all-round purposes. 

It gives an enormous quantity of milk with an average yield 
of 3'30 per cent, of fat. This, while low in comparison with the 
Jersey’s 5' 13 per cent, and the Guernsey’s 4’87 per cent, when 
taken in comparison with the average mUk yield per day of the 
three breeds, works oqt strongly in favour of the Holstein which 
gives 48’9 lb. of milk per day to the Guernsey’s 28‘9 and the Jersey’s 
24’5, while the Ayrshire whips in with 3'85 per cent, of fat and a 
daily yield of 27’7 lb. 

These figures total ujt to an averaye daily fat yield of 
lb. 1‘61 from the Holstein, 

„ r41 from the Guernsey, 

,, 1'26 from the Jersey, 

. „ 1’07 from the Ayrshire, 
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which points to the undoubted fact that the Holstein can hold its 
own witl^.any breed over an entire day’s average, although the fat 
content is undoubtedly lower in any given sample of milk taken 
from it ; for when one compares a 600-gallon cow giving 5 per cent, 
fat with a 900-gallon Holstein giving only 3‘5 per cent., you get a 
balance of fat in favour of the Holstein over a year’s working of 
some 16 lb. 

The fat globules of Holstein milk are very small and the inilk 
is natiu’ally easy of assimilation. It is therefore especially suitable 
for the feeding of infants. This fact is very well appreciated in 
the United States of America. 

The Holstein is a large, vigorous animal, yet docile and gentle. 
She is a real genuine ranger and will pick up a living •anywhere, 
while her constitution is thoroughly sound and her e,ii]ve8 hardy 
and strong. She aJ.^o breeds to a good old age and milks freely 
to the end, w'hile when dried oil she fattens u]) rapidly, being devoid 
of that curious inability to fatten which is characteristic of so many 
milk breeds. It »v’on!d therefore seem that in this (fountiy where 
the cow uhat gives very little milk with a high penicntago of fat 
is all too conunoii ati out-cross with this vigorous breed is bound to 
do much good, for the size of the Holstein and great breadth and 
strength compared witli the angularity shown by the usual milk 
brood should make the bull-calves grow into excellent draught 
animals and it is obvious that the milch stock with such enormous 
records behind them, 1,000-gallon cow'^s being qjiite common now, 
cannot fail to become milk producers of the first class, as in the 
whole breed there is ingrained a hardiness of constitution unim- 
paired by any extensive in-breeding for Shojv Yard purposes which 
undoubtedly undermines and brings to a speedy close the careers 
of so many first class bulls out here. 

This breed is descended from Friesian cattle, one of the several 
groups of Dutch cattle impoi-ted into England. It may be men- 
tioned that Dutch cattle have been instrumental in the develop- 
ment of the dairy herds in many countries and prosper even in the 
Arctic regions of Hussia. They are most famous in America where 
the importation of pure bred cattle has been considerable. In 
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South Africa these cattle are very widely distributed over the Cape 
and Free State Provinces and over the Transvaal. New Zealand 
and Japan ase now importing great numbers of Friesian cattle, 
and taking into consideration the number of different climates they 
have proved a success in and the diseases they have been proof or 
almost proof against, no greater testimony can be paid to their 
universal hardiness and suitability for all countries. 

It would seem therefore, that we should give an extended and 
careful trial to this extraordinarily useful breed, which may have 
the power of benefiting our dairy work to a considerable extent. — 
(Wynne Sayer.) 



REVIEWS. 


The Score Card System of Dairy Farm Inspection.- Published by the 
National Clean Milk Society, 2, Soho Square, London. Price 6d. 

This pamphlet is based on the American method of controlling 
dairy inspection by Jiieans of tcore cards enabling the Government 
to see at a glance in which paiticidar the dairies of the country fail 
and what steps can be taken to improve the methods at present 
in vogue — and where legislation will have a beneficial effect in 
maintaining the purity of the milk. The scon' cai d for the inspec- 
tion of dairy farms is designed to direct attcirtion to all the 
essential details in ■ he nroduction of cleair milk and indicates from 
the proportion of marks allotted the relative importance of each 
item iu relation to the conditions as a whole. It sets up an ideal 
standard for a pjoduccr- of milk. The division of the card into 
columns for equipment and for itiethods enables a farmer to realize 
more clearly whether the improvement of any condition is 
within his jwwer or not. In the United States of America the 
system is not confined to the inspection of farm dairies but 
different score cards are also used for Avholesalo milk dealer's’ 
premises and for retail milk shops. 

This system of inspection will be appreciated more and more 
as people realize that the cleanliness of milk is of greater' value 
from the point of view of health than its chemical composition 
and that this cleanliness is promoted by the production and handl- 
ing of milk under sanitary conditions. 

At a first glance it would seem that the card aims at an im- 
possible perfection — ^at least for India— Jbut there is little doubt 
that any Indian dairy which could get 10 marks out of the 
possible 100 would be a phenomenon. It would seem thatiCthe. 

( ) 
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health o{ oows and cleanliness o£ utensils and attendants are 
the places where an attempt ought to be made to _ at least 
colourably imitate the millennium advocated in the pamphlet. It 
is obviously not going to bo easy to have the well drained and well 
situated cowsheds advocated, and it would seem best to do aU that 
can reasonably be accomplished with the material in hand, and 
after all to get milk from a healthy cow drawn by a clean pair of 
hands into a clean uteusil is making a very great advance on the 
conditions which arc all too prevalent nowadays. It is when the 
milk and dairy industry becomes properly organized that we shall 
get properly built and properly drained cowsheds which will be a 
natural adjunct to a large and properly conducted milk business. 
At present the best we can do as regards buildings is to collect 
the gaolis of any particular town and put them up a building under 
the co-operative scheme where they can be controlled ; any indi- 
vidual effort would be doomed to failure. There is, however, in the 
pamphlet an interesting paragraph on the small top milk pail to 
which on the score card what may seem an unduly high percentage 
of points is given. But on examining the results of tests it is seen 
that no single improvement has produced such a beneficial effect 
on milk cleanliness. It is here in the purchase and use of such 
utensils that much can be done towards attaining a moderate 
standard of cleanliness which will, it is hoped, be the forerunner 
of an era of cleanliness which must supersede the present methods 
of the gaoU if the liealth of the country is going to improve, for 
it is difficult to imagine a greater danger to the infant life of India 
than the present state of dirt and dishonesty Avhich seems insepar- 
able from milk and its purveyors. — (W. B.) 
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THE NINTH MEETING OF THE BOARD OF 
AGRICULTURE IN INDIA. 


The Ninth Meeting of the Board of Agriculture was lield at Pusa 
from Vtli to 12th Febi'uary 1916, under the presidency of Mr. Bernard 
(Coventry, C.I.E., Agricultural Adviser to the Goveininent of India. 
Before proceeding to a consideration of the subjects discussed at 
this meeting it would not perhaps be out of jdacp to mention the 
diflFerencc in the functions of the Board of Agihndture as constituted 
for India and tlie similar body in Oreat Britain. The duties of the 
Indian Board are purely advisory, while the English Board has 
administrative functions and is therefore working continuously. 
The Board (d' Agritadtoi e in India meets every two years, alternately 
at Pusa and in one of the provinces. Thus the eighth nu'elJng was 
li< Id at Coimbatore towards the close of the year 1913. 

d’h(* advantages of such an institution cannot be oveiiated, 
it brings togetlKU" most of the scientific, woiiers (mgaged in the 
provinces and thereby gives them the opportunity of comparing 
notes, exchanging ideas, and seeing that their woi-k does not overlap. 
It also ])laces befoi e the public a vast mass of .useful information 
and exj)erien(fe gained regarding the subjects brought fonvard for 
discussion. .And as some of the subjects are of economic import 
ance the notes and discussions thereon liiive a value all their 
(iwn. 

Tlie meeting at Pusa was attended by 47 members and 24 
visitors. Among tin* visitors may be specially mentioned the 
.Hon’ble Mr. V. H. A. Mill, C.B.I., C.I.E., I.C.8., Member in Council, 
in charge of the Department of Revenue and Agi’iculture of the 
Government of India, Mr. .James Mackehna, I.C.S., Col. Hallowes, 
Director of Militaiy Dairy Farms, Tlie Hon’ble Mr. Morshead, 
Commissioner, Tirhut Division, Mr. H. M. Lefroy, Imperial 8ilk 

f 93 ) 7 
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Specialist, Messrs. Collins and Crosthwaite, Registrars of Co-operative 
Societies, Central Provinces and Bihar and Orissa. Mi-. Wynne 
Sayer, Assistant to the Agricultural Adviser to the Gfovernment of 
India acted as Secretary. Great interest was evinced in the 
deliberations concerning the closer connection between the Agri- 
cultural and Co-operative Departments, Cattle-breeding and Dairy- 
ing and Soil Denudation by rainfall and drainage, and important 
practical conclusions were reached on the subjects. 

The Hon’ble Mr. C. H. A. Hill opened the proceedings with a 
short speech in which he eulogized tlie services of Mr. Coventry 
and referring to the subjects for discussion he said that one of the 
most interesting from the point of view of the wider development 
of improved agricultural methods, is subjeci. VIll relating to the 
connection between co-operative movement and agriculture. He 
hoped that the remarks, of the Committee on Co-operation in India, 
in paragraphs 198-200 of their report would be of considerable help 
in the deliberations of the Board and said that a basis upon which 
the work of the agricultural and co-operative movements can be 
co-ordinated is required to be arrived at. Different methods may 
be required for different provinces and their working out may take 
time. But that need not delay the bringing about of unified 
action between the agricultural employes and the Co-operative 
Committees throughout India. He urged upon the Board to 
bear in mind throughout their discussions tlrat it matters far 
less what means' are employed to bring about co-operation 
than to secure that such co-operation is brought about. He then 
proceeded to refer to the question of cattle-breeding and dairying in 
India. He dwelt upon the advisability of taking long views in all 
questions connected with the development of Indian agriculture and 
emphasized that ‘ it is .only through the creation of a body of 
Indian agiicuiturists throughout the country, who shall not only 
be qualified to till the soil efficiently and economically, but who 
shall have developed a spy-it of inquiry and an intelligent desire 
to kecp jibreast of the times, that we shall really achieve the 
results which we aspire to.’ The President then addressed the 
tneeting and after gratefully acknowledging the kind references 
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,o his work by the Hon’ble Mr. Hill referred to the sad death 
»f Lt.-Coh J. D, E. Holmes and paid a tribute tojiis work as 
Imperial Bacteriologist. He then briefly riilated tlie ])rin(!ij)al 
changes that had taken pliice in the Agricultural and Veterinaiy 
Departments during the last two years and the action taken on the 
resolutions passed at the last meeting of the Board. He then 
took a short review of the principal subjects down for disClission. 

There were 13 subjects for discussion. Subject I was the con- 
firmation of the Proceedings of the last meeting. This being done 
committees were appointed to deal with the remaining subjects. 

Subjects T1 and III. Programmes of work of (u) the 
Imperial Depart, meni of AgricuUnre, {h) the Imperial BacJ,eriologist, 
Muktesar, (c) the, Prornneiul AgricuUiiral and Veterinary Departments, 
{d) Native. States' Departments of AgricvUnre. — Hpaco does not 
permit us to enter into details of elaborate programmes submitted 
for the approval of the Board. These programmes were con- 
firmed with slight idditions and alterations. With regard to 
file submission of the programmes for the {^proval f>f the 
Board (iO})sidciabl>- discussion took place. It was jiointed out that 
the ])rogrammes ev(Mi when approved by the Board could l>e 
departed from, (iiat tliey did not show in some cases, e.g.. in t.hat of 
Mycology what work was to be done and that the reports of the 
(k)mmittees appointed to consider the programmes weie generally 
of very little use. Kor any information regarding t he stage at 
which a particular investigation has arrived or as io who is working 
on a particular subject the Annual lleports of the Pusa T’esearch 
Institute and the Provincial Agricultural ami Veterinary Depart- 
ments whi(;h are usually published a few monfihs before the meeting 
of the Board of Agriculture, might be consulted. It was therefore sug- 
gested that the present pract/icc of submitting the programmes to a 
Committee should be dropped. Several other suggestions w^ere put 
forward, and it was ultimately resolved that “ it be recommended to 
the Government of India that the submission of programmes both 
Imperial and Provincial to (he Board may be definitely dropped.” 
The Committee appointed to consider the programmes of . 
Provincial and Native States’ Departments of Agiiculture referred 
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to the difficulty of examining programmes without sufficient notice 
and suggested that the names of members whom it is proposed to 
invite to ser\"e on committees should be circulated some time in 
advance of the meeting. Mr. Wood therefoi*e suggested that a list 
of subjects for the Board’s discussion should be circulated to 
all Directors of Agi'iculturo and moved a resolution that “ the 
Board recommends that the Directors of Agi*iculture sliould be 
asked to state on which Committees they prefer their men to 
serve and that the Agricultural Adviser to tlie Government 
of India sliould therefrom appoint Provisional Committees, as 
long as possible before the Board meets and communicate 
them to the Provinces.” Tliis resolution was accepted by the 
Board. 

With regard to the progi'amme of work of the Imperial Bac- 
teriologist, it was suggested that if possible, an inquiry should be 
made into the vitality of the rinderpest virus outside the body under 
varying conditions. Tlie point is of imporiaiK^c to cattle insui*an(‘.e 
societies and to# cattle-owners generally to deteiniine the period 
within which it would be safe to replace (tattle after an outbreak 
of disease. This recommendation was accepted by Mr. Shilston 
and the programme was approved. 

Some of the programmes of Provincia.1 Veterinary Departments 
appeared to the Committee to be unduly ambitious having regaid to 
the strength of the superior staff, and it seemed to them that more 
was being undertaken than could be effectively carried out without 
an increase of the supervising staff. Tliis applied particularly 
to the Provinces with a single Superintendent. The extent to 
which practical effect tan be given to much of the work of the 
Mukt^sar Laboratory depends on the number of trained men 
available in the Provinces for carrying out inoculations but 
practically all Provincial Departments are below their proper 
strength. Foi* the furtherance of research work the Committee 
thought co-operative action between the Muktesar staff and 
Provinqial Superintendents very desirable and this can only be 
ensured by the strengthening of both the Imperial and Provincial 
staffs. The report of the Committee was accepted by the Board, 
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Subject IV. The Policy to he adopted in, regard to the supply 
of cattle t« foreign countries. — Veiy little information of value can be 
gathered from the figures relating to the export of animals from the 
various Indian ports, since these figures do not distinguisli between 
cattle, sheep and goats but are given for all animals excluding 
horses, they do not distinguish between animals of good breeds 
and animals which are of little value exce})t for purposes of 
slaughter, nor do they indicate clearly the part of India fiom which 
the cattle are drawn. It is understood that considerable muiib(;rs of 
inferior cattle are exported from the Madras 2 )orts to (leylon for pur- 
jwses of slaughter and this is in every way advantageous to stock- 
owners. A fair number of mi.scellancoiis draught and milcJi cattle are 
also sent to Ceylon, (lie Straits, and Burma for draught and milk 
purposes, but there is no reason to object to this. The dilliculty of 
regulating the export of valuable breeds would be considerable. 
As regards the necessity for regulating the export with a view to 
jirevent a serious depletion of the best bleeds, the only breeds for 
which them is an\ e\ ii'ence that they are exportec[ on a large scale 
are (he Kaukreji breed from North Cujerat and the adjoining Native 
States (Bombay), the Karachi breed and the Ongole breed of JMadras. 
Of these the latter two have suflercd inoie or less and while (Ids is 
attributed mostly to exjiort of cattle to foreign (joimtries another 
factor in the dejiletion consists of the fact that Karachi cows have 
been jmichased laigely by the military aiul other dairies which 
take them to distant parts of India where many of their offspring get 
merged in the local bieeds and t hat numbers of good Ongole cows 
are taken to 31adras by dairymen and are there slaughtered 
after their period of lactation is at .an end. The export 
of cattle is to the profit of the breeders in the long run. 
The Board was therefore not in favour of putting any rest rictions 
on the export of cattle that are in demand abroad but recom- 
mended the maintenance, in the middle of breeding tracts, of 
pure herds of such cattle and the assisting of the bineders in 
every suitable way to extend and improve their present operations. 

Subject V. The. Nomenclature of certain iiosts in the Imjierud 
and Protyincial Departments of Agriculture. — There does not exisl 
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at present any uniformity in the designation of officers of the 
Imperial and Provincial Agricultural kServices in different provinces 
discharging the same duties and having the same emoluments, e.g., 
the designation of Assistant Director is given to a member of the 
Provincial Service in one province while in another it is reserved 
for the junior members of the Indian Agricultural Service. In the 
Provincial Service various designations are used to denote more 
or less the same duties, such as Assistant Director, Divisional 
Inspector, Extra Assistant Director, Agihutltural Supervisor, Travel- 
ling Inspector and the like. The points foi consideration were : (1) 
whether the designations are uniform in different provinces and 
whether they correctly indicate the work on wliich tlie officers are 
employed; (2) whether they indicate any relations between the 
Imperial and Provincial !^rvices ; and (3) if no leave reserve is 
provided in the Imperial S(‘rvice, whether the Board can recommend 
a nomenclature which would express the intention of (Tiovernnumt to 
give opportunities to members of the Provincial Service to act in 
leave vacancies ^and thereby prove their fitness for permanent 
promotions. Tlte principal recommendations of the Committee 
wltitth were adopted by the Board were : (a) That Deputy Directors 
be designated by circles rather than by serial numbers indicative of 
<-enio]ity in the service. '^Ihe de.signation of Assistant Diretior should 
be reserved for junioj' offitiers of the Indian Agri(;ult.ural Service 
until they are confirmed in cliarge of (ircles. (h) There should 1)C 
no di.stinction in the Imperial and Provincial tSeivices t)f officers 
performing the same dutie.s. (c) Jn order to make the status of 
expeits more clear the words to (Government ” and “ the name of 
the Presidency or Province ’ be added to the designation, (d) The 
executive officeis of the Provincial Service be designated Divisional 
Superintendents of Agiicidture in all provinces. With reference to 
(3) the Committee had no recommendations to make to that end. 
They believed that, their other nicommendations would dissipate 
all confusion. 

SunjKCT VJ. Soil denudation hy rainfall and drainage: 
Conservation of soil nwisture.— Tliis subject is of special impoitanoe. 
A large amount of surface soil is washed away every yeai' by rain 
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from the monsoon-fed tracts which impair the /ertihty of the soil. 
The damage done to tlie soil by siuface washing in tlie past 
is so enormous that it cannot be removed by ahy system of 
manuring. It is therefore imperative to take measures to pjcvent 
further damage. Tliis subjec.t was brouglit up for con sideration 
at the meeting held at Coimbatore, but the information 
then on hand was too meagre for the Boaid to make ^ny lecom- 
mendations. 

Dr. G. I). Hope, Scientific Officer to the Indian Tea Association, 
submitted a note describing the elaborate system of terracuiig and 
drainage adopted on .lava Tea Estates for (uuitrolling the rain 
wash. This note is juintcKl .separately a.s an articles in this issue. 
Tffie Committee agreed with !)]•. llo})e as to the general 
adaptability of these methods to conditions in Assam and 
elsewhere. 

'rhe losses due to soil erosion are to a great extent ])ieventable 
and in the case of pl.anting areas the Board lecommended that the 
Government of India is asked to bring to the noticy of tJie planters, 
through tlu' medi”m of the Indian Tea Association, United PJanters’ 
Association of Southern India, District Officers, and other ch.annels 
t hat effective measures should be taken to prevent, soil erosion on 
the ('xistmg aieas and ivlien new areas an* opened. They also 
suggested that Cocal Governments should safeguard against this 
danger of erosion when fixing the conditions on which n<nv lands 
are given out. 

In Peuinsulai' India the tpiestion of preventing s(»il c.j'osion 
lias already been taken in hand in Bombay. I’reliniinarv eu(|uiries 
are complete, and the Director of AgricultureJias formulated definite 
proposals to begin the work on an organized line. To liariy out 
this work the Board recommended that the Government of India 
should be requested to jilace at the disposal of the Bombay 
Depart.ment, for a period of five years an engineer with 
experience and aptiturle for agricult lual work. The sole duties 
ol tliis officer should consist in the preparation and execution 
of schemes of embankment and drainage adapted to local 
conditions. 
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Ab regards the, alluvial tracts of Northern India, the “ Pusa” 
system of surface drainage is found to materially incrcaser the crop- 
ping power of the land. For an efficient application of this method 
it is essential that the natiual drainage systems of these tracts should 
be closely studied. In North Bihar the natural drainage has been 
so interfered with that the high flood level is rising at the rate of 
several inches a year and thereby doing an increasing amount of 
injury to crops. The Commissioner of Tirhoot has taken in hand 
the question of improvement of the drainage in Nortli Bihar with a 
view to preventing as far as possible tlie recurrence of floods. The 
Board welcomed this attempt. 

In connection with the subject of conservation of moistiue the 
Committee felt that while the advantages of interculture and of 
surface cultivation generally are well known in many parts 
of India and attention is being paid to it by the Agricultural 
Department a great deal remains to be done both to improve the 
best indigenous practices and also to introduce these methods into 
new localities. , The results obtained at Quetta indicated that 
for every hundred acres of irrigated land the water lost eveiy year 
would produce wheat and hhnsa wwth lls. 50,000. The Boaid 
ex])ressed theii' opinion that any experiments having for tlieir 
object the discrovery of the most economical and ellicient use of 
irrigation water should be encouraged ami developed by the 
Agricultural Department. 

Subject VII. Hoiv the energies of the Veterinary Dejxirtnbent 
can. l)e.st he lUdized m the control and check of caUle diseases and lohat 
means should he adoyled for increasing the numhers of the subordimle 
staff as recommended at the lust meeting of the Board. — This subject 
was also discussed at the last meeting. For the control and check 
of cattle diseases it is essential for the staff of the Veterinary 
Department, both superior and subordinate, to gain the confidence 
of the villagers and be in closest possible touch with them and 
the local district officers. But in most of the provinces the 
Departments are underrtaffed in all grades. Schemes for the 
expansion of the subordinate staff haves however, either been sanc- 
tioned or are in contemplation in most provinces. But the 
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di^&culty in obtaining trained men is causing delay in caiTying 
through the schemes where sanctioned. Tliis is especially the case 
in the United Provinces and Bihar and this difficulty is not likely’ 
to be satisfactorily removed until funds permit the (jonstruction 
of the proposed Veterinary College in the United Provinces 
to serve the needs of that province and of the Hindi-speaking 
portion of Bihar. In connection with the inoculation work and the 
class of men by whom il. is to be done the opinion of the Committee 
was that generally it is most undesirable ti> employ any but 
well-trained men in any of the ranks of service whenever such men 
are to be placed in positions of semi-independence. Tlie Committee 
recommended that the subordinate staff should be undej- the control 
of the Veterinary Department. Jt also suggested the increase 
of the superior staff before a large subordinate staff is lecniited in 
order to ensure adequate supervision, drive and general control. 
The reporf of the Committee was acceiited by the Boaid. 

fciun.iECT VJll. The Co-opcnUive movement in its relation, to 
a{iricalture. Iloir to organize the rehitions beimeen the Co-ojM'iatiiv 
tiockties, K'hi'ther rival i tiff ivith credit or some otiu'r branch of 
afirwuliaral orfjaniztUioH, and thr AyricuUural Depaiimvuts ? 
Whether there is atuj need to encouraye Ayricaltimd Associations 
in view of the sjtecial facilities /tossessed by Co-ojteralivc Societies 
for mrryiny on jiropayatula. — This was one of the important 
subjects before t he Board. It was considered by a strong Coinmittee 
including two Registrars of Co-operative Societies which made ten 
recommendations and these with slight modifications in some cases 
were passed as resolutions. 

(1) Agricultural Associations perforin ifseful functions wbere a 
central co-oiierative association either does not exist or is not fully 
developijd and cA en where such associations do exist t hei’c is no need 
to discourage Agricultural Associations when the members really'^ 
undertake pioneer work. But when central co-operative associa- 
tions are fully developed the Agricultural Department should use 
them first and foremost as a means for demonstration and introduc- 
tion of improvements and should concentrate its attention on them. 
This view of the Committee was accepted by the Board. 
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(2) The next question was with regard to the finance of Central 
Banks : whether it is desirable that separate capital should be set 
aside for agricultural improvements which should be distinctive 
from the banking capital. It was pointed out that a Central Bank 
would invoK'o itself in difficulties if it were to start trading on a 
large scale. The Board agreed with the view of the Committee 
that the working capital of the bank should not be employed 
in commercial enterprises. For the distribution of seeds, 
implements, and other similar activities the bank should either 
act as an agent or raise separate capital or make allotments 
out of profits or reserves. The agency system has been found to 
work satisfactorily in the Central Provinces. But a form of Central 
Association with separate share capital in which societies or 
individuals would become shareholders might well be developed. 
All dealings of this kind should be for cash only and members must, 
if necessary, borrow from their credit societies for these purposes. 

(3) It was resolved that where credit societies exist in any 
village they must be utilized lor getting orders for seed, etc., 
but as societies they should not engage in trade but only 
give loans to their members to make purchases. Agreements to 
purchase should be taken from individuals before orders are given. 
Where no credit societies exist co-operative associations, such as 
those working in the Northern Circle of the Central Provinces, 
might be found useful. The Board resolved that unregistered 
co-operative associations lor the supply of pure seed, etc., shoidd be 
discouraged. 

(4 and 5) In connecition wdth the stejis to be taken to bring the 
officers of the Agricultural and Co-operative Departments into 
closer touch, etc., the Board resolved that this could be done by 
making the staff of the Agricultural Department familiar with the 
principles of co-operation and by giving to the staff of the 
Central Bank such practical training in agriculture as may be 
necessary and possible. The other step considered necessary for 
tbiH purpose was that, in addition to Agricultural Inspectors and 
Assistants who are to be appointed in each district, a Government 
official who should be subordinate to the Deputy Director and 
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the Agricultural Inspectors or Assistants, shopld he attached to 
• each Central Bank which is sufficiently developed. Such a man 
'should be a practical cultivator who can read and write*. 

(6 and 7) The Board resolved that Govei’nnienJ. shouhJ bear 
the cost of all demonstration work in each area, and for this purpose 
they should find the money, ft was also resolved that in places 
in which the Agricultural Department propose to open demoastra- 
tion farms in tracts in w'hicli there are also well developed Central 
Banks one at least should be starJed at the head-quarters of such 
banks at the expense of Governmcnl.. 

(8) As rogai’ds cattle insurance the opinion of the Board was 
that it is unsafe unless adequate arrangements are made for dealing 
with outbreaks of epidemic diseases and that the fixation of tariffs 
depends on local conditions based on more satisfactory ai-tiiarial 
data than those available at present. 

(9 and 10) '('he proposals for the Development Commissioner 
made by the Committee on Co-ojieration in India did not commend 
themselves (o the Boui'd. While the Board desires to emphasize 
the necessity of adequate' jnogrammes of general development and 
of the regular allotment of funds it considers that in respect of the 
Co-operative movenient and of the Agricultural Departments these 
proposals ai'e unsuitable, it appears from the report that the 
officer appointed to this post woiJd be mainly selected on ac(!ouut 
of his qualifications as a co-operative organizer, which means the 
a])pointment of a non-technical officer at the head of the Agricultural 
Department. Again, where the Directoi' of Agriculture and the 
Registrar are direc.tly under Government it would involve extra 
delay and loss of ettiiuency if another officer»is appointed between 
them and Government. The. real improvement in th(^ opinion of 
the Board lies in placing these officeis under the direct control of 
Government in the provinces w'here they are at present under a 
Financial CVnnmissioner or Board of Revenue. Hie ne(;essity of a 
closer connection between the flo-ojierativo and Agrimiltural Depart- 
ments was, hovvevei-, recognized, and the board reciommended that 
co-ordination should Ix' secured by the formation of a Boanl 

• 

consisting of the Registrar, the Director of Agriculture and the 



104 


A6R1CDLTURAL JOtrRHAL OF INDIA 


[XI, 11 . 


Director of Industries where he exists, which would meet from time 
to time and make their joint representations to Government when 
necessary. It was further resolved that it would be a good thing 
if some at least of the Directors of Agriculture could attend the 
Imperial Conference of Registrars. 

Subject IX. To what extent forest tracts act as harbours of 
rinderpest during the rainy season and what steps can be taken to 
combat the co)idition . — In some provinces serious outbreaks of 
rinderpest do synchronize with the return of the cattle from the 
forests and hills to the plains, but the Committee was imable to 
make any recommendations on the subject on account of lack of 
any direct evidence as to the relative importance of this question, 
the impossibility for economic reasons of closing such common 
grazing in forests, the difficulties in carrying out effective inocula- 
tions in such remote tracts, and the shortage of the staff in the 
Veterinary Department. 

Subject X. Indian Sugar Industry. —This subject was fully 
discussed at the last two meetings. The Committee drew out a 
detailed report showing the progiess made in diJlcient provinces. 
In connection with the small plant installeil at Xawabgunj under 
Mr. Hulme’s supervision the Board i-egietted that sullicient steps 
were apparently not taken to ensure a proper su])ply of cane to the 
factory during the last two years to give the exiieriment a fair cliance 
of success. The Board could only recommend the (;ontinuan(;e 
of the experiment if the United Provinces Government could 
undertake to t)btain for the factory a sufficient amount of cane 
locally to keep it working at optimum conditions whether by 
giving advances to- the cultivators to grow cane or otherwise. 
A balance sheet showing the results of the experiment was 
considered to be essential in framing a judgment as to its value. 

It was noted with regret that the sugarcane station recommend- 
ed by the Board in 1911 for North Bihar had not yet materialized. 
In view of the fact that this tract has so far proved itself 
one of the most promising fields in India for the production of white 
sugar on a mahufactming scale and for the establishment of the 
central factory system on a sound commercial basis, a sugarcane 
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station is of prime importance for the proper maintenance of the 
•.industry lind should be started as soon as possible. And in Anew 
of the difficulties that appear to have prevented the establishment 
of such a cane station hitherto, the Board recommended that the 
interests of the sugarcane cultivation in North Bihar .should be 
definitely committed to the charge of an officer of the Agriiniltural 
Service. 

Other resolutions passed by the Board were regarding (1) the 
continuation of Ihe Kamnip Rxpei-imental Sugarcane Farm in 
Assam, till it has been sufficiently shown whether sugarcane can 
or cannot be grown in thaf tract on large scale at a profit, and (2) 
the confinnation of the cane-breeding station at Ooinibatore in 
Madras, which has alre.idy done much valuable work in ( onnection 
with the raising of .seedlings, under general finaniiial and adminis- 
trative arrangements similar to tho,se which have hitlierfo prevailed. 

Subject XI. Catile Breediufj a»d Dairyin<i in India . — This 
subject was also considered at Ihe last meeting of Ihe Board. A 
memorandum on the scheme for cattle-breeding .and daiivinw in 
India prejiitred by the Agiicultnral Advise)- formed lli(‘ basis of 
discussion on tlu' subject. The CVujimittee cwisidered the scheme 
in detail and submitted the report on the basis of which the Board 
ro.solved that, in ordei- to make satisfactory progrc.ss in the develcp- 
numt of good breeds of milch cattle in India and in dairving an 
office)- should be ajipointed on the Imperial staff under the title 
of Imperial Dairy Expert, his duties being (1) the contiol of the 
cattle-breeding farnis and dairy operations contemplated in the 
scheme; (2) the supervision of dairy instruction; (3) the .study 
and improvement of exi.sting dairy methods in the (^ountT-y and the 
e.stablishment of the industry on a comme)-i(!al ba.sis. He would 
generally advise and assist Ijocal Governments, Provincial Officers, 
and Military I)ai)-y Fa)-m.s. The Board also considered that 
the arrangements proposed and the estimate' p)-epared by the 
Committee were leasmiable and the officer when once api)ointed 
should not be liable to transfer. It was resolved that in the 
opinion of the Boa)-d the offer by the milita )7 authorities of the 
herds of various breeds of pure bred Indian cows and buffaloes as 
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well as the facilitiec for conducting further breeding operations 
on the military daily farms is of extreme value and Hiould be 
gladly ae.eepted. Advantage should be taken of this offer as soon 
as the Imperial Dairy Expert is appointed, '.riie aiipointment of 
a Oliemist was recommended at least for a period of 10 years 
to investigate the problems regarding the food values and the 
digestive capacity of Indian farm animals. Other principal resolu- 
tions were with regard to the establishment of the dairy schools 
to fill the need for trained dairy managers, arrangement for 
immunization of cattle against disease by increasing the Miiktesar 
staff, the advisability of instituting an investigation into the 
existing supply and demand for dairy produce on the lines of the 
inquiry made by the Bombay Department before any fixed policy 
is adopted in any province for the encouragement of the dairy 
industry, and lastly, the legislation against adulteration in dairy 
produce. The Board reaffirmed the resolution passed at Coimbatore 
in 1913 with regard to the conditions for the improvement of cattle 
in India (p. 16 of the Proceedings) and desired to lay special atr;'s.s 
on points 3 and 9 in Ihe report of the Committee then ado])ted. 

Subject XJT. The hest a(jency for coidrollinf) rnttle-breediiifi. 
The question for consideration was which of the two Departments, 
Agricultural or Veterinary, is the better agency t<jr controlling 
cattle-breeding. Cattle-breeding is a distinct business apait from 
both agricultural and veterinary work, and requires special qualifica- 
tions. The officer hppointed f.o deal with this business shouhl dcvot(' 
his whole attention to it. It is also very desirable that he should 
remain on the job all his seiwice so as to attain optimum results. 
The Committee considered that, in the existing cattle-breeding 
organization in India it would be unfortunate if either of these two 
Departments were entirely disconnectetl with cattle-breeding or wtih 
the wider questions comprised in the term “ animal husbandry.” 
In connection with animal husbandry the problems appear 
to differ in different provinces and the organization has developed 
on different lines. It was therefoi'c considered that it would be 
best for the various provinces to arrange for the control of animal 
husbandry with reference to the particular problems involved 
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and the nature of the agricultural and veterinary organization that 
*.niay be in existeniie or contemplated. This was accepted by the 
Board. 

Subject XIIl. Fisheries. — The question for consideration was 
whether the subject of fisheries should be dealt with by liie Board 
of Agriculture and w'licther the Fishery Experts of Bengal, Bihar 
and Orissa, Madras, and tlic Punjab sliouJd be made permanent 
members of the Board. Excepting Bengal and Bihar and Orissa, 
the Fishery Departraeni in otlier Provinces is separate from Agri- 
culture and even in Bengal, Bihar and flrissa it is connected with 
the Agricultural Department by accident. The Board therefore 
decided the question in the negative. 

Tliis brought the consideration of subjects on the agenda paper 
to a close when Mr. Keatingc invited tlie Board to hold their next 
meeting at Poona. This offer was acceptivl subject to tlie approval 
of the Government of India. Before dispersing thanks w'ere voted 
to the President who was shortly retiring from the po.st of .Agii- 
cultural Adviser to the Government ot India, t(f Mr. Dobbs for 
successful work a.^ tSecretary during the two previous meetings of 
the Board and to Uao Saheb Xagarji, Superintendenl , Dflice of the 
Agricultural Adviser to the Government of India, for his valuable 
services in connection with the meetings of the Board. 



CATTLE INSURANCE SOCIETIES* 

»y 

A. C. CHATTER JKK, R.A., I.C.S., 

Hecjistrai\ Co operative Sociefie^^ United Provinces. 


The pi*edoinina,tirig object for in our agrieultiinil priiuarv 
societies is the purchase of ploucjh or draught (^attle. A perusal 
of tlie status or registers shows tliat. plough cattle com])rise 

tlie chief movable property of memlx'rs. As is well known, houses 
and buildings in rural localities would fetch very little if sold and 
the tenant right of occupaiu^y or non-o({cu])an(ty tenants or of 
statutory tenants in Oudh cannot be alienated, ft is very 
important therefore from the point of view of the societies as 
well as of the members to devise means, whereby the loss suffei-ed 
by members from the death of plough cattle (^an lie minimized. 
At present if a bullock belonging to a member dies, not only is the 
tangible and collateral security diininished tliat the society has for 
any loans ab*eady borrowed by him, but a fresh advance has to be 
given to him in order that he may replace the deceased animal. 

The difficulty has been met in EuropeaTi countries by co- 
operative societies for the insurance of such cattle. At the conferen(*.e 
held in January 1912,. Mr. Fremantle outlined a scheme for similar 
societies in this province. Unfortunately central societies did not 
take up the idea with any eagerness and thei e was also some doubt 
in the minds of competent authorities whether, in the absence of 
adequate data regarding cattle mortality and also in the 
absence of sufficient arrangements in rural parts for the prevention 
and scientific treatment of cattle disease, cattle insurance societies 

* A paper read^'at the Provincial Co-oporativo Conferenoo held ut Lucknow in Febniary 
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were likely to be successful iu this country. Such societies have 
'.however ^ow been in operation in Burma for the last five or six 
years and they have so far proved eminently successful. I n view of 
the great importance of the spbject both from the agricultural and 
co-operative standpoints, the United Provinces Government 
is anxious that a few experimental societies should be started 
under favourable conditions and the scheme given a fair trial. 
Accordingly, after careful deliberation, a small number of societies 
has been registered in the Mainpuri District, and it is hoped that in 
other suitable localities co-operators will endeavour to establish a few 
societies in order to gain experience ; if they are successful as there 
is every reason to hope that with sufficient safeguards they will be 
successful, .su('h societies can be organized all over the piovince. 

Model by-laws and other particulars may be obtained on 
appliiation to the Begistrar and his staff will give all necessary 
aid. Societies should be organized only iu localities where credit 
societies have been successfully working and the people are familiar 
with co-operat ive ideas. Also only such localities Rhould be chosen 
in whiidi the cultivators use good plough cattle and appreciate 
their value. Ti'acls where the agriculturists trade in cattle, 
frequently buying and selling them, should be avoided. The members 
should belong to one village or to two or three contiguous hamlets. 
They should insure as many as possible of their eligible cattle. At 
present insurance is confined to healtliy bullocks and male buffaloes 
between the ages of 4 and 12 years. Premium has to be paid every 
six months (or the insurance lapses) on the value of the animal 
which is assessed by a valuation conunittee appointed by the society. 
The rate of premium has for the present been fixed at one pice per 
rupee for the six months. This may have to be altered with experi- 
ence. If the animal dies during the course of the six months, the 
owmer will get back' two-thirds of its value after deducting whatever 
he may be able to icalize by selling the hide, etc. Provision is 
made to secure preventive measures in c^ise of epidemics and also 
for treatment for sickness. No compensation is given if the animal 
dies through the neglect of the owner. For the present the cattle, 
insurance society will bank with the district or central bank of the 

8 
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locality, and if, at tlui end of tlie experimental stage of the few selected 
societies, there is any loss, it will be made good by the Government. 
Tf the scheme proves successful and the number of societies increases, 
a re-insurance society will be organized. This cannot however be 
done for a year or two or until cattle insuram^e societies are in 
operation in different parts of the Piovince, so that the risk can 
be spread out and thus minimized. 

As the writer has recently had an opportunity of studying on the 
spot the work of the Burma cattle insurance societies, a brief account 
of their special features may be interesting. Burma has a great 
advantage over us in this respect for cow’s milk is seldom used for 
human coiwumption. Consequently the calves get all the milk and the 
cattle are more healthy and stronger than in this province. There 
is also plenty of grazing except in (jertain seasons of the year. Tlie 
village and tenure systems of Burma moreover enable, the villagers 
to prevent individuals from adopting practices pernicious to the 
general welfare of all the cattle in the village. The cattle insurance 
societies have given further stimulus to this .system and sanitary 
measures for the protection of the cattle are adopted in every village 
as soon as any disease or epidemic is threatened. It is hoped that in 
this province also cattle insurance .societies will help in this direftion. 

Tn Burma the area of a cattle insurance society is ordinarily 
limited to one village. Membership is ])racti(!ally c.onfined to the 
members of a credit society. (The llegi.strar of Buinia does not 
consider this rule to be e.s.sential, but it has been adopted in order 
to minimize the chances of^shone.st 3 ’ on the pait of the cattle 
insurance society in its dealin^Kvith tin* re-insurance .society. Aiy 
such dishone.sty can now be punished by the closing of the credit 
society, which is bound to prove a severe misfortune to all its 
members.) ^Members are encouraged to iirsure all t heir eligible cattle, 
but at present they are not compelled to do so. Plough bullocks 
and buffaloes between the ages of 4 and 12 are insurable. The 
valuation is made every six months when the premium has to be 
paid. The pr^esent rate of premium is five per cent, per annum. 
On the death of an insured animal, an indemnity of two-thirds of 
the value assessed, less the price of the hide and carcase, is paid out. 
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The valuation work seemed to me to be easier in Buima than it is 
'Jikely to fte liere. The cattle are more or less of the same value if 
of the same age. In other words the standard of care'bestowed on 
the animal from the time of its birth is uniformly high and there 
are not many different breeds to be taken into account It may 
also be noted that the meat of a dead animal is eaten by all classes 
of Burmans. The price of the c.aroase is thus a substantial sum 
and the indemnity payable is appreciably reduced thereby. 

A re-insurance society has beeii organized foi- the whole 
of Burma of which the llegistrar is at present the honorary and 
ea'rofficlo manager. Half the ])remia collected bj^ the. insurance 
society is deposited in the local credit society. The other half is 
sent to the re-insurance society along with a list and partifuilars of 
cattle insured anil their valuation every half year. If any animal 
dies, half the imlemnity that has to be ])aid comes from the re- 
insurance so(tiety, the nunaining half has to be made good from the 
lands of the jirimarv insurance society. The latter has two separate 
funds, r/.?. ;(1) tlie general fund consisting of alUpremia realized 
during the year, and (2) the reserve fund consisting of fiiu's, entrance 
fees, donations, ])rolits of previous years, etc. In the ev(‘nt of the 
funds received as jnemia during the year proving insufheient to 
meet the claim of half the indemnity payable by the jnimary society, 
half of the reserve fund may be drawn upon in any one year with 
the Registrar's sanction to jneet the deficienev. If the funds are 
still insufficient the imlemnities for all aiximals that have died during 
the year will be jn'oportionately reduced. 1 am informed by the 
Registrar that so far no society UlIlP suffered a defuut. The re- 
insurance society was organized only about year ago. It banks 
with th»* Upper Burma (Vntral Bank, whitdi is the Provincial (Co- 
operative Bank for Burma. 

In Burma only a few trac.ts have any distihd. or central 
bank. The link between the Provincial Bank and the ]nimary 
credit society is the “ fluaranteeingC Union.’' A cattle insurance 
society becomes a member of the local unimr in order to secure 
supei'vision from it, but undertakes no financial respoirsibility in, 
it. 



PROTECTIVE INOCULATION OF STOCK 
IN INDIA.* 


BY 

A. W. SHILSTON^ M.R.C.V.S., 

Assistant Bacteriologist in charge of the office of Imperial Bacteridogist^ 
Muktesar Lahoratories. 


In relation to the control of infectious diseases of stock, as 
mother directions, India presents problems that are essentially her 
own and which demand for their solution special study and treat- 
ment. Rome of the animal diseases prevalent are peculiar to the 
country and, in a few, the framing of prophylactic measures is at 
present hindered by our lack of precise informatif)n regarding their 
causal agency, mode of transmission, oi' other essential feature of 
their epizootiology. However, in the case of the more important 
microbial diseases of cattle, which are responsible for so large a 
proportion of the total stock mortality in India, the same difficulty 
does not exist and methods of prevention and eradication are well 
known and practised with success in otlier parts of the world ; 
but similar methods are often entirely inapplicable under existing 
conditions to cattle owned by natives of India. This applies 
most forcibly to such measures as slaughter of affected and 
in-contact animals, segregation and the limitation of movement of 
stock in infected areas, but it is also true, to a considerable extent, 
of protective inoculation, which is the only lemaining means at 
our disposal of checking the enormous yearly loss of stock, from 
disease. 


* A papor read at the. Third Indian Science Congrosa, Lucknow, 1910. 
( 112 ) 
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, At tjie present time the only diseases for which legislation is 
* in force are Glanders, Surra, Epizootic Lymphangitis^and Dourine. 
These all concern equines principally or solely and against none of 
them is inoculation practised. Thus, even in those diseases for 
which we possess prophylactic sera or vaccines, no application of 
these agents can be made without the full consent of the individual 
owners. 

The difficulties to be overcome by the Veterinary Department 
in securing voluntary acceptance of inoculation and the require- 
ments to be satisfied by the bacteriologist in respect of the materials 
employed will be readily appreciated when it is remembered that 
the great majority of sto(;k owners are ignorant of the meaning of 
the operation and suspicious both of the effect of the injection and 
the motives of the operator ; but, in addition to those opposition 
factors which will be overcome in time by teaching and demonstra- 
tion, there is the strong religious iirejiidice of Hindus against any 
form of ojie’ativc ijiterfercnce with tlicir cattle, even to the insertion 
of an injection needle in many cases, while an inoculation which 
eiidangered to the sliglitest degree the life of the animal, would not 
be tolerai/cd under any circumstances. 

The first essential therefore of a serum or vaccine for use on 
(tattle in India is safety in action. In other countries stock owners 
are prepared to sustain some loss from inoi; illation provided the 
remaining animals are immunized and the losses do not equal 
those experienced from the natural disease. Under these circum- 
stances it is frequently possible to employ methods that confer 
strong and lasting immunity but in this countiy their application 
is very limited. 

Secondly, immunity should be established rapidly. This can 
only follow directly after the inoculation when anti-serum is 
employed, as will be explained later, but the almost immediate 
cessation of deaths amongst the treated animals, in this case, is a very 
valuable object lesson and largely contriliutes to the acceptance of 
inoculation in districts where the procedure is viewed rvith di.stnist. 

Obviously the immunity should be strong enough to resist all 
natural means of infeiition though it must not be forgotten that 
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acquired immunity is seldom absolute even for a time and several 
causes may lead to its breakdown. 

A consideration of great practical importance is sirnplitdty of 
the operation, as the inoculating stafE is usually small, co-operation 
of the owners difficult to secure, areas large, and checking of animals 
treated often impossible as the owners objeett to any form of marking ; 
thus the need for more tliau one injection, especially if they have to 
be separated by an interval of several days, is a serious obstacle 
to the successfid applunition of the treatment. 

The question of duration of immunity has to bemadedepeiulent, 
to a large extent, on the previous considerations and will be discussed 
when the different methods are reviewed. 

The bacteriologist having obtained a serum or vaccine that 
meets, as far as possible, the requirements just enumerated, the 
task of securing its acceptance and of ajiplying it in the limitation 
of the sjnead of the infective <liseasc in que.stion falls iqion the 
staff of the ^'eterinarv Dejiartment. Under existing lamditions no 
attempt at the total cratlication of any e})izootic cattle disease is 
possible ; the freedom of movement of stock by which contagion is 
spread, the inability to destroy sources of infection and carry out 
adequate disinfection, the character of ijarts of the country, the 
A’ast areas covered anti the relative smallness of the staff engaged, 
render such a task hopeless. All that can be done is to deal with 
outbreaks as they occur, by inoculating, without delay, all cattle 
in the vicinity, theii'by jireventing the contagion from finding 
fuither suitable hosts in which to jiropagate, and cau-sing it to die 
a luitural death. The extent to which these effoits will succeed 
largely depends on the amount of co-operation gi\'en by the stoih 
owners themselves and the sufficiency of the I'cterinaiy staff, both 
supervising and subordinate, that is available to irarry out the work. 
The first can only be secured by education and demonstration, by 
which means the confidence of the people will be obtained.; while 
the provision of the second factor rests with the authorities and the 
various veterinary colleges. 

These ate in brief the broad lines on which the practical appli- 
cation of jnotcetivc inoculation of stock in this country is based 
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the details of tlieir working and the measure of their success may 
* be judged from the reports of the tSuperiiitciideuts of the Civil 
Veteriuary Departmcjits in the various provinces and from the 
rapid increase, during reiicnt years, in the demand for sera and 
vaccines. 

Before j)roceeding to discuss the dift'erent types df immunity 
and the various sera anti vaccines at present employetl, it may be of 
interest if a slunt account is given of tlie initiation of proplnlactic 
measures against animal diseases in this country. 

Tlie earliest atdion aj)pears to have been taken in Madras as 
long ago as I S(i(>. An Act was then ))assetl for controlling the 
si)read of disease in tin* [)r<n'inc.e but, as the report of a Commission 
appointed in 1890 shows, it was never fully worked, and in fact 
could not have been enforced under the existing conditions. 
The Coveinnient of hidia made a more serious attempt to cope 
with the subject of stock diseases in 1808 ; they appointed a Com 
mission of enquiry whicli toured the country and submitted a report 
three yen’s latei'. 'I'lie difficulties of the qucstioif w ere dealt with 
and stress was lii.id ujjon the necessity lor a thorough expert exam- 
ination of rindejpest and the other cattle diseases with the object of 
discovering pieventivc vaccines, but no legislative (control was 
suggested. Later the Covernnients of iliffereut Brovinces were 
roused, by the .sej iousness of the losses among cattle, to propose 
legislation, but in every case the matter was allowed to dron 
owing to the ilifficulties ])reseutcd. 

It was only natural that the early discoveries of Pasteur in 
(fonnection with the protectix e inoculation of animals should have 
attracted the notice of the Coverimient of India and iia\ c led them 
to invite Jiis assistance ; this they did in 1884. Although rinderpest 
was the disease for wlxic.h a prote(;tivc agent was most urgently 
required, the vaccines offered in response to the Goxermneut’s 
enquiries were for anthra.x. Iffiis was in fact the only aiximal disease 
for the prevention of wJiic.li airy vacciue»was then known, but there 
seems to liave been some misunderstanding on this point at the 
time. However, India a])poars to have offered such an inviting 
field for commercial enterprise in the realm of animal vaccines 
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that the scientist forsned a company, designated the Animal Vaccine 
Company, Ltd., solely for the puipose of supplying anthrax vaccine 
to India and tried with great perseverance to induce the Government 
to commit itself to wholesale vaccination of cattle, on terms that 
would have ensured handsome profits to the company. 

Two Veterinary Officers and two Indian students were sent 
to Pasteur’s laboratory to be trained in the application of the 
vaccines and a large quantity of the material must have been sent 
out, since some years later Pasteur claimed and was paid £800 
sterling for training the officers and supplying 50,000 doses of 
vaccine. 

Either as the result of tJic all too evident commercial motives 
of the Animal Vaccine Company or of reports from Veterinary 
Officers in Ijidia, or both, the Government declined to enter into an 
agreement for the supply of vaccine and decided to delay putting 
into operation any large scheme of vaccination until a more thorough 
investigation of the nature and prevalence of cattle diseases had 
been undertaken by competent officers. At this time also do\ibts 
were expressed as to whether the anthrax reported in India was 
the same disease as that existing in Europe and the danger arising 
from the possibility of introducing a new disease by means of the 
vaccines was pointed out. This unceitainty arose from the con- 
fusion that prevailed at the time in the diagnosis of cattle diseases, 
deaths from a variety of different causes being returned as anthrax. 
On this account also the impressioji was created that the disease was 
responsible for a much larger mortality than was actually the case. 

Accordingly a Civil Veterinary Department w'as formed and 
in 1890 certain Veterinaiy Officers w^ere selected to make what 
was designated a “ bacteriological survey." In the same year 
Dr. Lingard w'as appointed as Bacteriologist and given a laboratory 
at Poona in association with the College of Science. 

Two years later, both the Civil Ve.terinary Department and 
the Bacteriological Survey were placed on a more definite footing. 
Mr. (now Coldnel) H. T. Pease became Superintendent of the Survey 
and the functions of the office were defined as being (i) to map out 
the distribution and prevalence of cattle diseases, (ii) to advise 
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^Veterinary Officers regarding diagnosis, and (iii)*to co-operate with 
the Bacteriologist in the conduct of his investigations. 

Meanwhile the location of the laboratory at Poona was found 
to be unsuitable, both for experimental work and vaticine prepa- 
ration. Accordingly, the Imperial Bacteriological Laboratory was 
established in its present situation at Muktesar, in the Kumaon 
Hills, and sufficient buildings were erected to allow of work being 
commenced there in 1895. 

All this time the Animal Vaccine Company continu<;(l tlieir 
efforts to secure the adoption of the Pasteur Anthrax Vaccines. 
Representatives were sent out anti mucli correspondence took 
place. It was not until the year 1900 tliat tlie Government of India 
having received Dr. Ijingard'.s report on the subject, finally refused 
to entertain fiuther any jirojiosals that the Comjiany might make 
r<‘garding cattle inoc.ulation. 

The grounds on which Dr. Lingard based Ids objections 
to tile employment of the products of Pasteur's Company were 
that all vaccines required could be prepared and testinl liy the 
Government’s own exports witliout the necessity of paying large 
sums of money to a foreign business concern, and that- tlie available 
evidence went to sliow that anthrax was not sufficiently wide- 
spread to justify immunization of cattle against it on a large scale. 
A feature of the Pasteur vaccines that does not appear to have been 
realized at the time is, that they are not free from, risk, and that in 
India tliis constitutes a serious objection to tlieir employment. 

The protracted negotiations betiveeu the Government of 1 ndia 
and the Animal Vaccine Company are described at some length in 
a summary written by 8ir Edward Buck in 1896 and their only 
interest now lies in the fact that they undoubtedly led to the first 
establishment in this cininfiy of a laboratory for research in stock 
diseases, and the manufacture of protective agents for tlieir control. 

Since 1895, this work has been carried out at the .Muktesar 
Laboratory under the direction first of Dr! Lingard and then of the 
late Lt.-Colonel J. D. E. Holmes ; to these two workers the credit 
must be given of initiating and organizing the methods of serum* 
and vaccine preparation in India on the scale at pi esent in operation. 
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In order to make clear wliy certain methods of protective 
inoculation are free from risk while in others there is an element 
of danger, and to explain, as far as possible, the reasons for 
the variations in the cliaracter .and duration of imiuunity 
produced in different ways, reference may here be made to 
the main points involved in the action of tlrose sera and 
vaccines which are employed in India at the present time. 

By making this restriction the production of immunity against 
diseases due to j)rotozoon infections, siicli as liedwater and the 
othei' Piro))la8moses, will not be discussed ; several forms of this 
group of diseases are very widely spread throughout India, but all 
the native breeds of cattle liave a high degree of immunity against 
them and in consequence they have attracted little attention. In 
relation to the importation of pedigree stock from England and 
other countries more or less free from these infections, the subject 
however is of great intei est aiul practical im])oi tance and will require 
investigation in the near future. 

It is a well-known fact that when a peison or animal recovers 
from an attack of a bacterial disease, they are protected usually 
for a long period against a further attack of the same disease and 
as a residt are said to have acquired immunity. 

All the Indian stock diseases in whicli inoculation is practised 
are caused by micro-organisms which produce their injurious effect 
in one of tw o ways, either (i) by spreading through the body in the 
blood or lymph streiun as in anthrax, rinderpest, etc., or (ii) by 
remaining at the point of infection and forming toxins which are 
absorbed and poison the cells of the body, as is the case in tetanus. 
Immunity in both classes is due to the formation in the body of 
certain substances which, acicording as they aid in the destruction 
of the invading organisms or neutralize liberated toxin, are known 
as bacteriolysins and anti-toxins respeidively. 

The animal body, either as the result of an attack of 
a parti(udar disease or 'the iixjection of various animal cells 
and fluids'or poisons of different kinds, is capable of forming 
'‘ntany other varieties of anti-body each having some specific 
ax'tion on the ikgont that provoked its formation, but 
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any account of these is outside the s(!02fe of the present 
•paper. , 

The bacteriolysiiis and anti-toxins, like the otlier anti-bodies, 
circulate in the blood ])lasiua and body fluids and after recovery 
from the disease the tissues responsible continue lo })rodu(;e them 
for some time, thus maintaining the protection. Kor*this J’easou 
such a recovered animal is said to jjosscss an active immuidty against 
that ^’i^'t'^^ular disease. When an actively imnmniml animal 
rcH'eives large and roj)eated injectiojis of the organism in question 
or its toxin, as the case may be, its tissues ai e stimulateil to form 
anti-bodies in greatly increased amount and the animal is then said 
to be hyjmr-immunc. The anti-bacterial and anti-toxic sera usetl 
in inactico for inoculation are obtained from the blood of such 
h\’per-immunized animals. 

If a susceptible animal receives an inoculation of anti-serum 
it will at once acquire an immunity, the strengtli and duration of 
which will entirely depend on the (piuutitv of anti-b(Kly contained 
in the injected .serum ; the tissues of the injected jtnimal itself will 
form no anti-bodies so that its state of insusceiitibility is known 
as passive immunity. 

Since the .serum and its contained anti-bodies are eliminated 
or neutralized in the same way as other foreign substances entering 
the body, passive immunity is of short duration, usually la.sting 
only about two to four weeks. This is the serious draAvback to 
the j)roductiou of immunity of the passive variety, which otherwise 
possesses the very desirable features of ab.solute safety and imme- 
diate protection. Active immunity, on the other hand, is usually 
of long duration so that if a method can be found of establishing 
this variety without the dangers aiul drawba(d<s of a natural 
attack of the dise.ase, there is an obvious advantage in its 
employment. The first discovery of a means of accomplishing 
this was made by Jenner, in 1790. This observer noticed 
that persons who had suffered from co*v-pox, a benign erujitive 
disease of cattle, escajjed contracting small-pox, then very prevalent 
in England. Ac.cordingly he introduced the method of vaccination 
with the infec.tive lymph from cow-j)ox lesions by which human 
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beings are made to pass through an attack of the mild boyine form 
of the disease in order that thereby they may develop an immunity ’ 
against the graver infection. 

Although it was not until nearly a century later that any very 
clear ideas on the subject of immunity came to be formulated, 
Jenner’s discovery remains the greatest therapeutic fact of all time 
and to this day one of the most successful methods of artificial 
immunization in existence. 

The basis of modern methods was laid by Pasteur in 1880 
when he demonstrated that the virulence of cultures of anthrax 
bacillus could be reduced so that their inoculation in suitable doses 
failed to produce a fatal attack of the disease but gave rise to strong 
active immunity against it. Latei- many other means were 
devised for giving active immunity against different disea.ses in all 
of which the living organisms were employed, but t!ic danger mini- 
mized either by introducing them into a tissue unfavourable for 
their multiplication or by attenuating their virulence by physical, 
chemical or other means before inoculation. By these methods, 
in which living germs arc injected, a fairly strong immunity can be 
provoked, but either on account of the very variable susceptibility 
that always exists among individuals of any one species, or the re- 
acquirement of virulence by the organisms, there is always a ceitain 
amount of danger of a fatal attack of the disease being set up in a 
proportion of cases. The average fatalities caused in this w'ay may 
be so small as not to be w'orth consideration in other countries, 
but they are usually sufficient to jirevent the adoption of such 
procedures in India. 

More recently it has been found that a degree of active immu- 
nity can be produced by the injection of the bodies of bacteria 
killed in various Ways. Tliis procedure is quite free from danger 
and is that employed with such marked suc-cess in typhoid and 
plague inoculations in the human subject. The results obtained 
in the case of animal diseases have not been so striking but the 
method has becfi adopted in ceitain cases with good effect. 
The resulting immunity lasts considerably longer than that 
following the injection of anti-serum but as always occurs in active 
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immunization there is a short period, usually ihree or four days 
. with deafl vaccines, following the injection, during which the animal 
has an enhanced susceptibility. This so-called negative phase is 
due to the absorption of the existing anti-bodies and lasts until the 
tissues have begun to produce the specific anti-bodies that afford 
the protection ; the subsequent period of immunity m known as 
the “ positive phase.” . • 

As a consequence of the researches of Sir A. E. Wright and 
others killed vaccines are now largely used in the treatment of 
bacterial infections, both in human beings and animals, but since 
the subject is outside the strict interpretation of the title of this 
paper, it can only be mentioned here. 

What may be described as a combination of passive and active 
immunization has been employed with marked sucitess in certain 
diseases, and is applicable to almost all those for which a strong 
anti-bacterial serum can be prepared. The method is termed 
“ serum simultaneous ” and comprises an inoculation first of anti- 
serum and at the same time or shoi+ly afterwards* an injection of 
a culture of the organism or of material containing it. In this 
wav the animal is given an immediate passive resistance which 
pievents a subsequent attack of the disease following from the 
inoculation of the living germs, or so modifies it as gieatly to 
lessen the risk of a fatal termination. In either case an active 
immunity is set up, the strength and dui’ation of which 
depends as a general rule on the severity of the icaction 
produced. 

Since however, it is not always possible to establish a correct 
balance between the amount of anti-serum And infective material 
required in different individuals whose susceptibilities may vary 
considerably, the method is not without danger and so can only be 
employed when the owner is prepared to take the risk, and in 
places where the disease already e.xists. 

Having thus defined the general linqp on which immunity to 
certain classes of infective disease can be established, wo may now 
consider the individual diseases more in detail, and the first in point 
of importance is rinderpest. 
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The (Jonimissioii appointed by Loid Mayo’s Uovernnient 
reported in 1871 that “ Rintlerpest is the murrain to wfiieh a far 
greater share of mortality among cattle is due than all other causes put 
together ” aiul this would appear to be still true at the present time. 

A leader writer in 1,he Pioneer of 1893, (pioted by Lingard, 
placed the loss to stock owners caused by rinderpest at three crores 
of rupees in bad year, l^^ast year the returns of the Superinten- 
dents of the (Ivil Veterinary Departments for the various provinces 
showed that 1,10,397 bovines and 1,232 sheep were reported as 
having died from rinderpe.st, but it is certain that a large number 
of outbreaks still remain unrecorded ; the losses occnirring in the 
Native States are not included in these figures, but they are certainly 
heavy so that the total yearly deaths from this disease in India 
must be very great. 

Much of the early inve.stigation work on protective inoculation 
against rindoipest was done in South Africa by K(K*h, Turner, 
Kolle, Theiler, Edington, Pit<hford and others just prior to the 
starting of the Muktesar Laboifitory : the fii-st hne of inquiry to 
ivhich the officei-s of that in.stitution thej-efore devoted their attention 
was to ascertain which of the various methods put forwanl was most 
.suitable to Indian conditions. At the request of the (Jovernnient 
of India, Koch visited Muktesar in 1897 and gave a demonstmtion 
of h’s bile process, but after much experimental work, extending over 
several years, it nas <lecided that the serum .alone methml nas the 
only one whu^h .satisfied the necessary requirements for .adoption 
in India, .'^rum inoculations were accoidingly started in the year 
1900 when 1 .730 doses were issued. At first its acceptance by stock 
owners was slow but as its value came to be realized the demand 
increa.sed rapidly. In 1904 the output froni Muktesiir was 50,483 
doses, in 1905, 1,24,015, by 1911 it had risen to 7 lacs of dose.s, while 
last year no less than 13j lacs of doses were supplied to India alone. 
At the present time the demaml for rinderpest and other sera and 
vaccines appears to be mainly regulated by the number of qualified 
veterinary assistants available to carry out the inoculations in the 
various provinces. The staff of the.se is now much below require- 
ment or even sanctioned strength, partly on account of the War 
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ttjul partly owing to the veterinary (tolleges being unable to paws 
*out a sufficient number of gi-aduates to fill the vacancies. 

(■attle aire by far the greatest sufferers from rincleipost but 
siieep and goats may also become affected and deaths especially 
in imported breeds, may be numerous. The causal agent is present 
in the blood and discharges of affecied animals but is too minute 
to be visible even under the highest power microscope ; it is theavtore 
referred to as an ultra-microscopic virus and since cultures (cannot 
be obtained, blood from infected animals which contains the virus, 
is used in immunization and hyper-immunization for the production 
of the anti-serum. 

The jirocess of manufacture has been much improved from 
time to time and that which is now adopted is briefly as hdlows : - 
Bulls of the highly susceptible Kumaon breed and buffaloes 
are emploved and are first immunized by the serum simultaneous 
method aheady referred to, by which each receives a standard 
dose of anti-serum and at the .same time a small injection of blood 
from an animal suffering from linderpest. As a result the animal 
pa.sses thrfaigh a mild attack of the di.spase and recovers in about 
10 to 12 days. .\t the height of the reaction some blood which then 
contain.^ virus is taken for hyper-immunizing other .serum making 
animals. A week aftei- complete recovery the animal is bled once 
foi‘ .serum and a few days later rei^eives an injection of from one to 
two litres, according to its weight, of a mi\'ture of virulent blood and 
potassium citiute solution, the latter being added to prevent clotting 
and aid absorption of the blood. On the 8th, 12th and Kith days 
after the injection the jinimal is bled for serum, the amount taken 
being regidated according to the weight and co’ndition of the animal. 
After a rest of a week or more the animal is again injected with 
virulent blood and then bled as before, the,se proces,ses being repeated 
as long as the animal absorbs the inje(*tions completely. The fre- 
quent bleedings (‘a use little or no interference with the gimeral health 
of the animals. The serum is separated .from the blood either by 
centrifuging or clotting ; a modification of the latter method has 
recently been introduced by which an increased }deld‘ is obtained.. 
When about 600 litres of serum from various bleedings and animals 
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have been prepared, the whole is mixed and tested in graduated 
doses on susceptible hill bulls. In this way the strength of the 
serum ii? ascertained and only that is issued which will protect against 
an injection of virulent blood in doses of 72c.c. per 600 lb. body 
weight in the ease of hiU biUls. This is equal to 4 c.c. per 600 lb. 
in plains cattle ; smaller doses are usually sufficient to prevent a 
fatal attack in the test animals but in order to provide a margin 
for safety the standard dose issued is 5 c.c. for plains animals. As 
however the susceptibility of plains animals varies considerably this 
dose may with advantage be increased in those outbreaks in which 
a high mortality indicates low resistance to the disease. 

As has already been explained, the .siMum gives an immediate 
passive immunity lasting about two to three weeks or longer if the 
dose is increased. This 'woidd loem to be of little practical value 
but actually it is found to fidfil requirements in the majoiity of 
outbreaks at the present time. All that can now be attempted is 
to check the mortality in places where the disease is active and 
prevent, if possible, an extension of the infection ; accordingly, the 
still healthy cattle in the neighbourhood receive an inoculation of 
serum and are then allowed to mix with Ihe sick or graze over 
infected ground. In this way a good proportion of them pass 
tlrrongh a mild attack of the disease and develop an active immu- 
nity of long duration. To all intent? and purposes this is a natural 
method of serum simidtaneous inoculation, natural infection taking 
the place of the injection of the virus. It is not so reliable but is not 
open to the same objections as the double inoculation and in practice 
• is found to give satisfactory rcsidts. The treated animals that do not 
become infected arc nevertheless protected for a sufficient time to allow 
of the sick animals either dying or recovering, thus getting rid of the 
source of further infection. A few deaths after serum inoculation are 
usually reported but last year the returns show that these amounted 
to just 0’4 per cent, of the treated animals* and in a considerable 


• Rindcrijost in 1914-15, Reports of Ci\il Vety. llopt. 

Number of deaths. l)eforc inoculation ... ... ... 44,450 

Number of animals inoculated ... ... ... 4,39,470 

Number of deaths after inoculation ... .... ... 1,7G5 
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proportion of them the disease was probably well established before 
‘.serum wjfti given so that the actual number not immunized must 
be very small. Anti-rinderpest serum has very little curative 
effect once symptoms have developed. 

In the case of cattle the property of Grovemment or of owners 
who are prepared to take the risk of a small mortality«in order to 
have all their cattle actively immunized, the most satisfactory method 
is the ‘serum simultaneous.’ It may be cairied out befoie the 
disease has made its apjiearance, thus avoiding any initial loss, 
and with proper precautions there should not be any mortahty 
fiom the inoculation ; the immunity given will be of long duration. 
The necessary requirements are actively \urulent blood and anti- 
serum of accurately determined potency in properly regulated 
doses. The first has always been considered difficult to obtain in 
the absence of the close' proximity of the disease as past experience 
has shown that in the plains of India the virus quickly perishes in 
drawn blood and so cannot be transpoited from a distance with 
any certainty. • 

Rec'ent investigations, which are still in progress, hav'e shown 
thai. two essentials for preserving the rinderpest virus in drawn 
blood are a low temperature' and the taking of the blood early in the 
attack, that is, at the time of the first marked rise in temperature, 
b(*fore any development of anti-body has occurred. The exclusion 
of air or oxygen is also an advantage. ^Vhen these conditions are 
fulfilled, there appears to be no tbfficulty in preserving the virus for 
weeks or even months. 

The method of testing the potency of the serum has already . 
been explained ; the fixing of the cori'ect dosage can only be effected 
by observations on small numbers of each of the different breeds 
or classes of animals to be immunized. This is particularly 
necessary in the case of imported pedigree or half-bred stock which 
have a high susceptibility to the disease. By commencing with 
large doses of serum and gradually reducing,them in subsequent tests 
such determinations could be made without seiious loss. 

There is evidence to show that even when the dose of serum . 
is so large as to prevent any reaction resulting from the virus 

9 
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• • „,.»iiVr/V nevertheless established, 

iuocalation, a degree of active immunity IS nei 

but it is doubtful whether this is of long duration. 

While unclergoi)ig immunization the oattic must be strictly 
isolated as during the reaction they are capable of transmitting 
the disease to healthy stock, and subsequently the sheds in which 
they have 'been kept, should be thoroughly disinfected. 

Hsemorrhagic Septicsemia is an acute, rapidly fatal disease 
affecting essentially bovines thougli horses and elephants sometimes 
become infected. During 1914-15, 3,395 deaths from this disease 
were reported, but the actual number is undoubtedly much greater. 

The causal bacillus can live in moist soil and is probably very 
widely distributed. Outbreaks of the disease are most frequent 
during and after the rains when the conditions are favourable for the 
multiplication of tlie organism and the excessive moisture reduces 
the vitality and resistance of the animals. .During drought also 
the disease may occur ; scarcity of food then weakens the cattle 
and renders them more susceptible to the infection, which tliey 
probably obtain from drying-up tanks and river beds. Once the 
disease has started, it may spread by direct contagion but seldom 
assmnes the epizootic character of rinderpest, it runs a very rapid 
course, death usually occurring two or three days after infection 
in a large proportion of the animals attacked. 

Lingard first prepared an anti-serum against tlii.s disease in 1 905, 
by the injection of small doses of culture of the organism into 
cattle. Holmes greatly increased the strength of the serum by 
employing larger injections of culture. A considerable number of 
doses at 5 c.c. each were issuetl between 1905 and 1908 but early 
in the latter year its use was discontinued as the protection given 
was considered to be too short for practical purposes. In 1910 
Holmes introduced the stronger senim at 15 c.c. per dose and the 
demand rapidly increased from 1,800 doses the first year to 77,328 
doses in 1914-15. This figure lias already been exceeded during 
the first nine months of the current financial year. 

In dealing with outbreaks of the disease the animals exposed 
to infection are inoculated with anti-hsemorrhagic septioa'mia 
serum ; this gives them an immediate passive immunity lasting 
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for three to four weeks, by which time the sick animals have usually 
‘either dieS or recovered. The disease not being as readily conveyed 
by contagion as rinderpest and its course being inoie rapid, there 
is not the same likelihood of producing an active immunity by the 
mixing of inoculated with sick animals, so that no lasting protection 
results in most cases. Active immunity may be obtained by a 
serum simultaneous inoculation, a small dose of culture of the 
organism being given shortly after the serum. Owing to the great 
variation in susceptibility of different individuals it is difficult 
to fix accurately the dose of serum necessary to control the reaction 
caused by the injection of culture so that a small percentage of losses 
must be expected. Foi' this reason also the method should not be 
adopted in areas free from infection. 

A serum simultaneous inoculation is employed at Muktesar 
to first immunize the liili bulls and buffaloes from which serum is 
to be obtained. Then, at intervals, after recovery from the first 
reaction, the animals receive gradually incrcivsing doses of virulent 
culture of the organism, injected subcutaneously, •until they are 
highly immune and can tolerate the injection of 1 litre or more of a 
I'roth culture. They are bled three times for serum and again 
receive culture in still larger doses, the subsequent bleedings and 
injections following each other as in the preparation of other 
anti-sera. 

Tn certain districts htemorrhagic septicaemia appears with 
such regularity at particular .seasons of the year, that a .safe method 
is required of giving a more lasting immunity than serum can confer, 
to be applied before the disease has actually broken out. To meet 
this need as far as possible, a vaccine containing only killed 
organisms was prepared in 1908; since its introduction the 
demand has rapidly increased until in 1913-14, 2,40,000 doses were 
issued. It is perfectly free from danger and in doses of 5 to 10 c.c. 
provokes a degree of active immunity which lasts several weeks. 
Owing to the fact that a “ negative phase ” of about four days’ 
duration follows the inoculation, vaccine should not be made use 
of when the disease is already active, otherwise deaths are likely * 
to foUow. 
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Experiments are now being carried out with the view of 
lengthening, if possible, the period of immunity that can be produced 
by dead vaccines but the great susceptibility of cattle, and 
especially of buffaloes, makes this extremely difficult of accomplish- 
ment by means of a single inoculation. 

True ifnthrax is responsible for a large number of deaths yearly 
in cattle, ‘horses and sheep, but outbreaks are usually sporadic and 
the infection does not spread rapidly among the animals of a 
particular locality. Occasionally, however, a considerable number 
may become infected from one source at the same time. As with 
hfiemorrhagic septicaemia the bacillus lives in the soil and in some 
districts is more prevalent during and after the rains. Most animals 
are very susceptible when inoculated with a small amount of culture 
of the bacillus and a high percentage succumb but the native breeds 
of cattle are curiously resistant to this form of the disease unless 
their vitality has been reduced by some means. Subjection to 
unfavourable conditions also probably plays a considerable part 
in aiding natural infection by anthrax, just as it does in haemorrhagic 
septicaemia. 

As already mentioned, Pasteur was the first to confer 
artificial immunity against anthrax on animtds ; this he did by 
means of cultures of the organism attenuated in virulence by 
growing in oxygen at high temperatures. He employed two vac- 
cines, the first being more weakened than the second, and these were 
injected at an interval of ten or twelve day.s. Although largely 
used on the Continent at the present time, the results obtained with 
Pasteur's vaccines have not alw'ays been favourable, and in most 
other (countries their employment is strongly discouraged. Several 
modifications of Pasteur’s method of attenuating the cultures have 
since been practised but these in common with the original vaccines 
have the following objections : — The immunity resulting is variable 
and uncertain, deaths from anthrax following the use. of the 
vaccines, especially the second, are not infrequent and the danger of 
disseminating the disease in this way is by no means negligible. 
In horses and sheep the vaccines are unsafe and considerable 
mortality sometime^ follows theii' injection. For these reasons 
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attenuated vaccines are very unsuitable for use i|> India, though, as 
Jjreviously* stated, they were not the ones put forward wlien tlie 
Go^'ermuent decided in 1900 to have nothing further to do with 
the Pasteur vaccines. 

Anti-anthrax serum was first prepared by Sclavo in J 895 and 
subsequently by several bacteriologists but no very exhsusive use 
appears to have been made of it for the protection of animals. 

Lingard introduced anti-anthrax serum in India in 1902. He 
prepared it from cattle by repeated inoculations of living culture of 
the organism in a similar manner to that described for the produc.- 
tion of hscmorrhagic septicaemia serum. Large amounts of 
anthrax serum werc^ employed in the field dining the years following 
its introduction up to 1908, but it was then found that a large uumber 
of deaths attribute'd to anthrax were, actually caused by the 
organism of haDmorrhagic septicaiiuia and accordingly its use was 
restricted to outbreaks in wliich the diagnosis was conlhmed micros- 
copically ; at the same time the issued dose was increased to 15 c.e. 

In 19];f-J4 the deiiiand increased to over 20,900 doses, and 
last year showed a further slight increase ; in the earlier part of the 
(uirient year anthrax was very prevalent and over 40,000 doses 
have been issued during the past nine months to all parts of India. 

Serum injections are carried out on cattle that are. actually 
exposed to risk of iid'ectioii in places where one or more ileatlis from 
the disease have occurred. Protei-tion is gi\'en for three or four 
weeks only but this che(;ks tlie immediate s])read Of tlie disease and 
allows the source of infection to be dealt with by disinfection or 
other means. If necessary the iuoeidation of serum may be rejieated. 
For the treatment of anthrax in man, auti-Sferum has given vejy 
gooil Tesults, and wliere o]»poi-tunity offers, could be similarly 
employed in the case of animals ; unfortunately the disease is 
usually so rapidly fatal that death ocems before treatment can be 
applied. 

In places where anthrax frequently, apirears and the owner 
is prepared to accept the risk of a few deaths from tlie inoculation, 
an active and lasting immunity may be produced in cattle by the . 
‘‘ serum simultaneous ” method, using either virulent or attenuated 
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oulture at the saine time as the seram. Owing to their great 
susceptibility this method is too dangerous in horses and sheep. 
Experiments are now in progress in which killed cultures are being 
tested as to their immunizing value. Tliese are free from risk but it 
is not yet certain that a useful degree of active immunity can be 
induced by their means. 

Another seasonal and sporadic disease of cattle and sheep 
formerly confused with anthrax but caused by a distinct organism, 

is blaek quarter or quarter evil. 

The French name, charbon symptomatique, is also sometimes 
used, but since this serves to perpetuate the old confusion witli 
anthrax, of which the French name is cliarbon, it ought to be dropped, 
and one of the more accurately descriptive English names adopted. 

The black quarter bacillus can also exist in soil and on gaining 
entrance to the body, developes in the muscles, usually of the hind 
quarter, causing local symptoms and rapid death in the great 
majority of animals becoming affected. 

A scrum for this disease can be prepared, but as it only affords 
protection for a short tmie and the spread of the infection by dii’cct 
contagion is of infrequent occurrence, it possesses little practical 
utility. 

In most countries vaccines, prepared according to the original 
method of Arloing and Corniven or some modification of this, ai‘e 
employed and give highly satisfactory results. As the causal 
bacillus is found in great numbers in the affecf ed muscles of animals 
which die from the disease, this tissue or the juice expressed from it, 
is employed in the preparation of the vaccines. 

By Arloing’s method a first and second vaccine are prepared 
by heating the dried muscle at definite temperatures for a short 
period ; greater heat being applied to the first than to the second ; 
in this way the organisms in the first vaccine are more attenuated 
than in the second and each is inoculated separately at an interval 
of ten days. 

Vaccines made according to this methotl were firat issued by 
Lingard in 1906, but owing to the necessity foi‘ two operations the 
demand was not large. 
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Holmes in 1909 tested a single vaccine made by mixing in fixed 
• proportions first and second vaccines, prepared somewhat after 
*the method of Arloing. This gave very satisfactory* results, and 
the average yearly issues since its introduction have amounted to 
nearly 16,000 doses. 

To simplify its inoculation the vaccine is supplied in the form 
of a pillule which is inserted under the skin by means of a special 
injector. In as much as the vaccine contains living, though 
weakened organisms, its use is not always free from risk, but in 
practice the deaths have been so rare that no objection to the inocu- 
lation has been raised on account of them : last year out of 4,902 
cattle inoculated only 10 or 0’2 per cent, subsequently died of the 
disease either as the re.sult of the injection or owing to its failure 
to give immunity. As the disease is not transmitted by direct 
contagion to any extent there is little danger of introducing it by 
the vaccination although tliis is only recommended in places where 
the disease is known to have already occurred. 

An active iimuunity lasting at least several liionths is estab- 
lished, and since voung animals arc those most susceptible, one 
inoculation will usually carry them over the most dangerous period 
of their lives. In badly infected districts the injections may be 
repeated each year. 

Tlie sera ami vaccines already referred to are used almost 
entirely in outbreaks of disease in bovines ; the majority of diseases 
of horses and sheep in India cither do not lend themselves to 
protective inoculation, as with suria and glanders or such cannot 
be attempted owing to ouj' ignorance of the causal agent itself, as 
is the case in Jewnri and several other local* diseases of stock not 
yet investigated. There is reason to believe that some of the latter 
class are caused by plant or other poisons and not by micro- 
organisms, in which case protective inoculation can hardly come 
into operation to aid in their prevention. 

The only purely equine disease for which protective agents are 
issued from Muktesar, is strangles. As a general rule, this disease 
does not call for prophylactic measmes in India, but in the^ 
Government Bemount Depdts the losses and trouble caused by it are 
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frequently very considei'able. This is especially so in the country- 
bred dep6ts where large nunibeiw of yearling horees aro' collected* 
together ; hdre the chances of infectio.i are gi'cat and the young 
animals show a marked susceptibility. 

Since 1909 anti -strangles seniin has been prepared by the 
injection pf horses, mules anil cattle, with incicasing doses of 
culture of the causal organism, the streptococcus equi In other 
countries similar anti-sera have been said to confer protection 
against the disease, but in tliose the age at which the horses are most 
liable to infection is four to five years, whereas in tlie Indian depots 
they come in at 11 to 13 months old and ate undei' the disadvantage 
of having just been weaned. At all events in these young animals 
anti-strangles serum has unfoitunately been foujid to give very little- 
protection although in the treatment of the disease its use is of 
marked benefit. At present it is chiefly employed as a curative agent. 

Experiments are now in progress w'ith various dead and living 
vaccines of the organism, and it is hoped that some means will be 
found of conferring a sufficient degree of immiinil.y upon the young 
stock, on entering the depots, to (;arry them over their most 
dangerous period. 

In India tetanus is very widespread, and any of the domesticated 
animalr may become affected, but the gi-eat majority of oases are 
seen in horses. The tetanus bacillus gains entrance to the body 
tlu ough deep wounds and produces its effect on the animal body by 
means of the toxin which it forms in the wound and which becoming 
absorbed acts on the nervous system. By obtaining this toxin from 
oiUtures of the bacillus and injecting it in gradually increasing doses 
into horses, a strong anti-toxic serum can be pj-epared. This when 
injected into an animal in suitable dose protecls it against infection 
by the organism for a period of three or four weeks. It is employed 
chiefly on horses that have contracted penetrating soil infected 
wounds, in the same way that it is injected into wounded men at 
the front, to prevent the development of any tetanus germs that may 
have entered. It is also given in the treatment of cases of the 
disease but the benefit derived is not alw ays vejy marked, either in 
man or animals. 
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Anti-tetanic serum was prepared at the Mphtesar Laboratory 
• m 1906, but as the demand was too small to justify the expense of 
its manufacture, this was discontinued the following yea: ; the 
product of various reliable English and American firms can be 
obtained on the Indian marltet. 

Once the value of a biological prod\ict in the pi‘*>vcntion or 
cure of a disease has been denjonstrated, there is a comniuji tendency 
for inexperienced persons to form an exaggeiatec^ idea of tlie effects 
and possibilities of tlui agent ; to avoid disappointment it is 
necessary, therefore, to cnipliasize that all metliods of establisliing 
immunity are liable, to brcaJc clown in a pioportion of individuals 
whose susceptibility is abnormal. What is aimed at is 1 ,o give as 
strong and lasting an inmmiiity as the. limitations of lirlian ('on- 
ditious will allow, and tlie periods of proiection stated for the 
different sera and vaccines apply to the normal animal, but in all 
cases a few individuals trill be found in which it will be eitln'r slioiter 
or longer, according as their susceptibility i.s gieater or less than the 
average. The import. uice of such adverse circumsUiiiees as fatigue, 
hunger, drought. c(.ld uiid rain, in predis/)Osing slock to diseases 
huc alieady b(>en mentioned and these miiy be siiflicient to 
break down in some cases the additional resist ance conferred by 
inocidation .so that in estimating the value of any ijarticular agent 
they should not be lojgotten. 

That inoculation of stock should have extended in Ijulia during 
recent years with the rapidity .shown by the iimeasing demand for 
sera and vaccines, and in .spite of the obvious difficulties of .securing 
its voluntary a(;ee.ptance, is a tribute not only to the value of the 
agents themselves but also to the energy and perseverimce of the 
Veterinary Department, on whom the task of gaining the confidence 
of the stock ownere rests. 

There can be little doubt that as knowledge .sjweads the 
importance of guarding their animals against disease will become 
more widely recognizctl by Indian stock owiieis and protective 
inoc.ulation will-contribute to a still greater extent towards the 
agrivudtural prosj)erity of the country, which depends so largely 014 
the maintenance of the health of its live-stock. 



NOTE ON SOIL DENUDATION BY RAINFALL 
AND DRAINAGE: CONSERVATION OF 
SOIL MOISTURE * 


BY 

G, D. HOPE, B.Sc., Pb.D., 

Chief Scientific Officer^ Indian Tea Association. 

The question of soil erosion in India in most of its aspects has 
been discussed recently by the Imperial Economic Botanist, and 
this note is submitted only because it contains a few observations on 
the way in which soil erosion is dealt with in a neighbouring country 
where the problem is of gi’eat importance and in many respecjts 
similar, and because it may help to identify the agriculture of tea 
with that of other crops in India in respect of the necessity for 
improving existing methods of prevention of loss of soil by wash. 
Although there are many features of tea cultivation which make tea a 
thing apart from other agricultural operations in India, this is a 
point where the interests of tea planters are identical with those of 
other agriculturalists. 

The retention of soil on sloping land by prevention of wash is 
of considerable importance to the tea industry of North-East India 
not only in Darjeeling, where land slopes very steeply, but in other 
parts of the tea districts where estates are generally fairly level. 

The conditions under which soil erosion takes place in the 
different tea districts of North-East India may be described as 
follows : — 

In Assam tea land is usually level but it is intersected by 
liulhs or nullahs (natural depressions which take off 
surface drainage), some of which are filled with jungle, 
while rice is grown in others. Tea which has been 
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planted for many years on the edges of such hidlcts 
• shows in most cases unmistakable signs of having suffered 
from the soil erosion which has taken place. 

In the Dooars tea land consists of a bank of heavy loam 
extending several miles from the foot of the Himalayas 
southwards towards the plains and below this of level 
land, the soil of which is in most places grey and sandy. 
There is a definite drop of a hundred feet or more from 
this red bank to the plain below and similar breaks occur at 
places in the red bank itself. The tea land of the Dooars 
is intersected by rivers which flow directly from gorges 
in the hills, and in time of heavy rain tlicse are rapidly 
flowing torrents ; in the cold weather they are almost dry. 
These rivei's often alter their line of flow and tea conse- 
quently is not usually grown near their banks. In many 
places near the hills the surface of the stiff red clay loam 
is undulating. It is on this red bank that the most 
serious problems of soil erosion have tD be faced, and. 
with a rainfall sometimes as high as 200 inches per annum, 
and confined chiefly to a few months in the year, the loss 
by wash is considerable. The fertility of this red soil 
suffers very seriously when wash has taken place. 

In Cachar and Sylhet a particular featui'c of tea lands is the 
presence of steep rounded iiZas (low hills projecting from 
the level plain) interspersed among fla’ts of different and 
more recent soil. The tilas are sometimes quite sandy, 
sometimes gravelly, but often of fairly stiff clayey soil. 
The soil of the flats ranges betweSn a heavy intra<;tablc 
clay and a coarse sand, poor chemically. A special 
type of such flats are the drained bhecls (peat bogs) 
in which the percentage of organic matter may range 
between 15 and 70 per cent. The prevention of soil 
erosion is of particular impoj^'tance in this district in 
connection with the loss of the fertility of the tilas. 

In Darjeeling the soil at higher elevations usually consists of a 
heavy reddish clay and that at the highest elevations is 
overlaid by a fairly deep humus layer and wash is not 
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very eeripus. At medium elevations this olay suffer 
from wash and the feitility of the land has consequent!; 
detOTiorated. At medium elevations also some ver; 
sandy soils occur and these have suffered very consider 
ably from wash. At lower elevavions near rivers wher 
the land is less stecjjly sloping sonic jicli alluvial sand; 
stretches are found which liave been formed at the expens 
of the fertility of the ridges and hill sides above. 

Throughout the tea districts, with the exception of a few garden 
in Darjeeling and on some of the tilm in Caidiar and Sylhet, th 
arrangement of tea bushes is in square or triangular sdigimient and 
in solving the problem of protecting estates fj oni loss of fertility b; 
soil erosion, the treatment of considerable areas of old tea, plantc( 
in this manner (a most objectionable one on laud whore serioui 
loss of soil by wash is likely to take place) many years ago, has to b< 
considered, in addition to devising the best means of laying out anc 
planting such slopes on land which is being put under tea for tli< 
first time. 

At the end of tlie year 1913 the writer spent some weeks ii 
Java and Sumatra and was mucli impiessed by the means whicL 
are taken in these countries to prevent loss of surface soil by wash 
on tea estates as compared with the efforts made to this end in 
Ceylon and Noith-East India. 

The whole of the tea distrkrtsof Java arc sloping laiui, and it is 
the invariable custom to j)lant tea fairly closely on contour lines 
as distinguished from square or triangular arrangement, the result 
being that in no cases are there spaees between tlie buslies in straiglit 
Jines of any length down slopes sucli as can be seen on every tea 
estate in Ceylon and on many estates on sloping ground in Noi*tli- 
East India where the planting is in square oi* triangular aligmneiit. 
Contour planting is undoubtedly the better method whenever there 
possibility of serious erosion. 

Tliis being the first step taken by Java ]>lanters, other means 
are adopted according to the nature of the land, and these consist 
terracing, .where the land is steejjly sloping, and in arranging a 
s,y^tem of contqiir drains, conftonr hedges siritaHle legumnious 






s.yBtem of contq^ur flrairin, oonstoiir hoilfres ?)f siritaWle legninnimis 












oT (ijbiltqjir rlrains, obrJEouf hedges siritaWle legiunmCnis 



son- DKNODATION AND CONSERVATION OF SOIL MOISTURE 137* 


plants, and series of catch-trenches in contoiq; alignment, in less 
'.steeply sloping situations. 

Opinions differ in different parts of the world as to the value of 
terraces, a fact which seems to indicate that theiie may be some 
factor as yet not fully understood which accounts for terraces being of 
use in some places while in others their value appears toJie doubtful. 
In Ceylon tea estates terraces are rarely seen in spite of the fact that 
much of the tp.a land is more steeply sloping than on most estates 
in Java. It is surjmsing that in Ceylon the terracing which is so 
picturesque a feature of the journey from Colombo to Kandy has 
not been (iopied on tea estates and the omission has undoubtedly 
been an error in judgment though it has been a still greater mistake 
to have adopted linear instead of contour planting on sloping groundt 

In Java, certainly, nearly everyone is persuaded of the value 
of terraces on steeply sloping ground. 

Opinions differ in Java as to whether terraces should be made 
before the tea is planted or afterwards. The argument in favour 
of making the terraces before planting the tea is that the work can 
then be done (iarefully and completely without any disturbing factors, 
and, being done, is done once for all, and when the tea is eventually 
planted it merely remains to adopt an efficient system of keeping 
terraces in order. Those who are in bivour of making the terraces 
after planting out the tea base their argument on the fact that in 
such cases the tea is planted in surface — and not in sub-soil, and 
that if the weeds, when they are gathered, ar'e regularly placed 
between the rmvs of tea, planted in contouj.' lines, teiTaces form of 
themselves and are in all respects as efficient as those made more 
expensively before the planting out of the teif. It is possible however 
to make terraces before the tea is planted out, in such a way that the 
seedling plants are planted along the lines of trenches which have 
been filled in entirely with surface soil, and it is more satisfactory 
from several points of view to make terraces before the seedlings are 
planted. (Sketch 1.) , 

Terraces having been made the upkeep of them is a matter of* 
great importance. 1 n Java many different plants are used to proteist 
• tlie edges and faces of terraces and are either, planted th^re dhrectlv 
0^ if of naturally occurring species, are encouraged^ to ’grow 
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preference to other plants by a process of selective weeding of the 
terrace faces. Species of Hydrocotyle, Viola, Desmodium, etc., 
are commonly seen grown in this way. 

On fairly broad terraces it is often the custom to dig short 
trenches at intervals along the inner edge of each terrace and these 
serve to catch the wash which comes from the terrace above. These 
catch-trenches are cleaned out when tlie terraces are weeded, and 
the earth which has collected in them is thrown up onto the terrace 
above. (Sketch 2.) 

The system is an excellent one under Java conditions where 
weeding and forking, instead of hoeing, is the method of cultivation. 

A similar system of catch-trenches is employed largely in cases 
where the land is not steep enough to terrace. TIic method then 
generally adopted is one of alternate contour lines of catch-trenches 
and of green crops, sometimes with one and sometimes with two 
lines of tea between them. In such cases the positions of the catcli- 
trenches, which are usually about 12 feet long by 1 foot broad by 1 J 
feet deep, alternute with 12 feet intervals along the contours, and 
are arranged in echelon with those next above or below along 
different trenched contours, so that if any earth is carried beyond 
one line of catch-trenches and past the intermediate tea bushes and 
green crop hedge, it wall eventually be caught in the next catch- 
trench below. (Sketch 3.) When these catch-trenches are cleaned 
out, which is usually done at the time of weeding, the earth is thrown 
up the slope. 

Leguminous plants such as Leucaena glauca, Clitoria cajanifolia, 
TepJirosia purpurea, etc., are the plants most commonly used for 
the hedges which alternate with the catch-tr.enches. 

Combined with this is a careful system of drainage. 

The main drain system — it must be remembered that almost 
without exception fairly steepy sloping ground is under considera- 
tion — consists of “ hoeft afvoergoten ” (main drains) which lead 
directly down the slopes. It is considered most important in con- 
nection with the drainage system to remove as far as possible the 
excess water^ which cannot sink into the ground sufficiently rapidly 
in cas0 of heavy showers. 
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The soils of Java are very porous and when slight showers fall 
Hhe rain Sinks rapidly into the ground, but the soil is also very rapidly 
washed down by water flowing over the surface of the’ground, if all 
the rain water is not immediately removed when heavy rain falls. 
This is at once the advantage* and the danger of the soil of Java. 

To prevent this loss by wash, it is considered rf>f primary 
importance to have an escapement for excess water, anjl the main 
drains straight down the slopes serve this purpose best for they 
ensure the rapid removal of water at places which are chosen for the 
purpose, and not at places where the rush of water may do damage. 

The best situations for some of these drains are the places where 
there are natural gullies down the concave folds of the hillsides. 
Where these gullies arc pronounced in character one usually finds 
either rocky ravines, oi' rather water-logged patches filled with deep 
rich soil which has been carried there by wash before the opening 
up of the land. The stone ravines can be used as drains without 
much being done to them. They are straightened and cleaned out 
to some extent to facilitate the rapid removal o£ watci'. Gullies 
which are filled with deep earth, when di-aiued, add to the area on 
which tea '- in be phiiited. The sides of these drains aie protected 
by growing grass on them and the rush of water down them is 
.stop]>ed by a scries of low barriers of stones, bamboos, etc. A 
certain number of “ hoeft afvoergoten ” have also to be made 
at intermediate positions between the gullies, and tlie distance 
between two “ hoeft afvoergoten ” is usually not more than 
100 — 200 yards. 

The collection of the water into these main drains is carried 
out by means of contoiu' drains called “ afvoergoten ” and these 
are usually made with a very slight gradient, the object being merely 
to catch the water and remove it into the “ hoeft afvoergoten ” oi 
main drains. These “ afvoergoten ” are laid out very carefully 
on Dutch estates in Java, and are flanked on the upper and lower 
sides by banks on which suitable leguipinous plants are grown. 
Grass is often grown on the sides of the drains themselves. Drains ■ 
are cleaned out periodically, for the danger of water breaking 
through must be carefully avoided since it would cause great damage 
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because it would mean the escapement of water down hill at a point 
for which preparation for its control had not beefi made.,' 
(Sketches 4 and 6.) 

Modifications of one or other of these methods is the system 
adopted in Java for the prevention of wash, and on some of the new 
tea estates .which are being started in Sumatra. 

There js some difference of opinion in .Java as to the extent to 
which cultivation is a factor in aggravating loss of surface soil by 
wash. Some claim that if soil be cultivated at times of the year 
when there is much rain, the rain, instead of washing the soil with 
it down the slopes, sinks into the ground and thus wash would be 
prevented. Others say that if the soil is undisturbed, and parti- 
cularly if it be protected with a slight covering of jungle, wash will 
be inappreciable whereas it will be considerably greater if the soil 
has been recently cultivated and is broken up and free of jungle 
gro\rth. Very much depends on the nature of the soil and this 
is a subject which might receive study in connecition with loss 
of soil by wash in 1 iidia : that is to say, it would be worth while 
to determine, in districts where loss of snrtace soil by wash is known 
to be great, the effect of cultivation in aggravating or I'educiiig the 
amount of wash and to correlate this informatioii with data bearing 
on the mechanical composition and physical ]n’operties of the soil. 

There is another 2 ioint which has so far been left out of discussion 
on the subject of soil denudation in India and that is the extent 
to which dry wash^ — that is, movement of jrai ticlos of soil down 
hill in dry weather as the effect of wind— takes place. In Java, 
this dry wash takes place chiefly at medium elevations where the 
soil is loamy in character but is of sufficiently good tilth to pulverize 
on the 8urfa<‘e in dry weather. The liompact soil immediately 
below the loose layer on the surface affoi-dsa oomiiarativcly smooth 
plane down which detached yjai-ticles of surface soil are blown by 
wind. These particles collect behind tea bushes and stones and on 
the flat faces of terraces a,nd are washed down in the form of mud 
by the first heavy shower of rain. 

' The extent of the loss of soil which is going on steadily this way 
in dry weather is undoubtedly very great in some districts of Java, 
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and it would be interesting to determine jvhether a similar 
•phenomefion takes place to any great extent in India and in what 
localities it occurs particularly. 

Speaking of tea planting only it may be said that the methods 
employed in Java appeal to the writer as being unquestionably the 
best that can be done to prevent loss of surface soil, anth although it 
is a matter of great expense and trouble, yet, where tropical 
agriculture is becoming yearly more intensive and new land cannot 
be obtained to replace by new clearances the older parts of existing 
estates, all that can be done to prevent loss of surface soil on 
existing estates has a very great commercial value. 

The 8kdaptation to the conditions which obtain in the tea 
planting areas of India, of Java inethods should receive careful 
consideration. 

The present niejvsiiros adopted for tlie prevention of wash in 
the tea districts of Ocyioji and North- lilast India appear to be hugely 
wi’ong or inadequate. 
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SPRAYING FOR RIPE-ROT OF THE 
PLANTAIN FRUIT. 


BY 

JEHANGIR FARDUNJT DASTUR, H.Sc., 
First Assistant to the Imperial Mycologist. 


The plantain fruit is often affected by a ripe-rot caused by a 
fungus, GlomjMrium mumnm, cliiefly during the rains. This 
disease is common wherever plantains arc grown. It is confined 
to the fruits and the fruit stalk. 

In India, as far as the writer is aware, it is chiefly a disease 
of the stored fruits ; but it is also found on very young fruits though 
fortunately, not often. The presence of the fungus on mature 
fruits is marked by the appearance of a small black circular speck 
on the peel. This rapidly increases in size, becomes depressed 
and in this sunken area are found pink concentric rings which look 
moist and bright when fi'e.sh on account of the ])resence of oil 
globules. These concentric rings are the spore beds (“ ascervuli ”) 
of the fungus. There are generally more than one simh diseased 
areas which merge into one another and eventually cover tlie whole 
fruit. The effect of the disease is to ripen the fruit prematurely 
and this in its turn atfcelerates the rot. When the young “ fingers ” 
get infected, the infection is generally found to begin from the 
distal end, possibly arising through the flowers. The infected 
“ finger ” begins to turn black and shrivel from the distal end ; 
as the infection progresses the whole “ finger ” turns black, shrivels, 
and becomes covered with the pink spore beds of the fungus. The 
attack rapidly spreads and involves the whole bunch. The fruit 
stalk also gets diseased but the infection does not spread to the 
“ hands ” through the stalk. 
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This disease is of annual occurrence during the rains. In the 
absence of the perfect stage of the causal fungus (the perithecial 
stage containing the aacospores, or winter spores, which has not 



A diseased plantain fruit. 

ynt been found, tliongli this disease has l)eon invostifi;ated by so 
many workers), the question naturally arises how docs tJu^ faugus . 
ensure its annual occurrence. It has been found in nature to produce 
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only one kind of spores find they are thin-wnlled, individually not 
capable of resisting unfa roiirable conditions. If the spores are 
sown in a drop of water they readilv jjerniinate in a sliort time, but 
if the drop of water iti whu^h they are sowji is allowed to run dry 
and after a short time the spores are iVso.vn in watei‘, they are found 
to be dea(L On the othei' hand, if tlu' spores en masse are allowed 
to remain iu their ascervidi they have been found to germinate 
after nine months. The ascervuli, which when fresh are moist and 
bright pink in colour, become dry and dull light pink after some time ; 



The fruit bunch on the right was sprayed with 
Burgundy mixture ; the one on the loft was 
apt .sprayed. Both are of the same age. 

they are then found to be covered by a dry crust which keeps 
the enclosed spores in a compact mass and protects them from 
unfavourable conditions. When a drop of water is added to this 
spore mass it breaks away, setting loose the spores which are capable 
of germination. Diseased parts of the fruit stalk and diseased 
fruits were kept along with dried plantain leaves in an open basket 
. on the Working bench in the laboratory in September. Spores 
from the diseased parts thus preserved were sown in water in June. 
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nine months later. The spores germinated, though of course the 
percentage of germination was not very high. Tt is probable that 
in nature also the spores remain thus preserved on the plantation 
and during the rains the spore masses break up, the spores get 
disseminated and infect healthy fruits. 

This fungus lias been found to be a wound parasite, i.e., it 
attacks the host only through wounds or abrasions on the.surface. 

Since 1912 this disease lias been under study with the object 
of finding some remedial measures for its prevention. Freshly 
picked mature green fruits have been dipped in different strengths 
of copper sulphate, formalin and corrosive subhmate for varying 
lengths of time without any success. In passing it may be noted 
that umipe fruits treatiid with formalin ripened earlier than those 
of the same bunch treated with other fungicides or the untreated 
ones kept as controls. Spraying the fruit about two months old 
once every fortnight till mature with Burgundy mixture or" 
Ammoniaiial copper carbonate also failed. 

It was soon found that treating the fruits when picked or when 
half-grown was useless. Fruits picked from bunches which wore 
only half-grown and kicked outwardly fpiite healthy, and whir.h were 
slerilized by washing them in corrosive sublimate for five minutes 
gave (Ham jxn ill III jnistules on incubating them under asceptic 
conditions. The pulp removed asce|)tically from green and unripe 
fruits remained sterile on incubation but the peel from the same 
fruit, stei'ilized l)y dipping it in reedilied s])irit for alninute and then 
Hamming oil the spirit, occasionally gave Glmosjioriaiii, pustules 
when incubated in sterilized moist chambers. These results show 
that the fruit can be attackiwl long Indore it gets ripe and before 
the disease becjomes outwardly visible, but the fungus remains 
dormant in the peel till suitable condititms arise for developing its 
activities. Shear and Mrs. Wood,' who also have found dormant 
infections of Glceosporiian and ColleMrichiiiit present in many 
instances in leaves and fruits showing no external signs of the disease. 


Shear. C. L. aud Alin. Wood, iV. K.— StudieB ol Kuuaua Paraditeii iHjlougmg^lo the Cieiiue 
OlomereUa. U, S. Dept, of Agri., Bar. of FUitU Inditslri/, Bull. iV», 252, 1913, p. 96. 
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give a very probi^lc explanation. Tlie conidia germinate whenever 
they come in contact with the plant surface under llavourabJ'e 
conditions and produce appressoria ; these are thick-walled bodies 
which are capable of enduring more unfavourable conditions than 
the thin-walled conidia or spores. These appressoria send germ-tubes 
through the epidermis, in the case of the banana fruits possibly 
through the wounded surface, as the fungus has been found to be a 
wound parasite only. The germ-tube apparently penetrates at 
fii’st but a very shoi't distance, does little harm to the host cell and 
remains in an inactive condition till favourable contlitions lor 
its further development, such as the wealvcning of the vitality 
of the fruit or excessive humidity, arise. 

As it soon became evident that tJie fungus infects tlie fruit 
even when green, and that, consequently, spraying tlie fruits long 
after they had set was useless, and as the disease is most pjevalent 
' during the rains, the spraying was done as soon as the “ fingers ” 
opened in June, before tlie rains set in. 

On account of the difficulty of procuring pure unslaked lime 
during the rains, the well-known fungicide, Bordeaux jiiixture, was 
not tiied, since the appheation of a badly prepareil mixture does 
more damage to the plant than not applying it at all. In place of 
Bordeaux mixture. Burgundy mixture (in which lime is replaced 
by washing soda) was used. Another fungicide that was tiied was 
Ammoniacal coppei' carbonate. Though this lattei- c.heiiked tlu; 
disease, still its ‘ continued application was found injurious to the 
fruits. They were sprayed once every fortnight and after the 
fourth application the spray marks became very prominent. Ilie 
spray remained lodgfed where the “ lingers ” rubbed against each 
other and here the peel took a sooty brown colour, in cross 
sections the epidermis and a few layers of the cell underneath it 
were found to have turned brown, the pulp remaining unaffected. 
The fruits ripened normally and did not get diseased ; but fruits 
having these spray marks would be unfit for the market. A solution 
of half the strength used in the previous case failed to check the 
• disease though it did not injure the fruits. As the other fungicide. 
Burgundy mixture, gave successful results no fuiiiher experiments 
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were made with different strengths of Ammoniacal copper carbonate. 
•Fimit bullchea which had j ust opened all their “ hands ” or had partly 
opened them before the rains set in were selected for spraying. 
This was done once every month till the fruits were ready for 
picking, except in the case of Tbunches which were partly opened at 
the time of the first spraying when the second spraying was done 
after a fortnight by which time the “hands ” were fully opened. In 
all at the most four applications were given before the fruit bunches 
were picked. As Burgundy mixture leaves bluish specks on recently 
sprayed fruits, they would be unpresentable in the Indian market 
in this state ; so when the last spraying was to be done witliin a 
fortnight of the picking of the fruits this mixture was replaced by 
Ammoniacal copper carbonate which keeps tin? fruits clean. When 
the fruits were pic!<ed tlicy were dipped in Aninmniacal copper 
carbonate in older to remove completely the Burgundy mixture 
marks ; these marks may also be removed by gently rubbing them 
with a brush or cloth soaked in Ammoniacal copper carbonate. 

Spraying on these lines has been done for tlic Jast three years 
during the rainj’ season on a very restricted scale but still the results 
obtained have been very definite and hopeful. The sprayed fruito 
developed very little Glwosporium, and even this little attack was 
generally found when the fruit had become over-ripe. As a rule 
the attack was obsei ved to begin from the distal end of the fruit, 
from tlie dried remains of the style. Unsprayed fruits kept as 
controls got diseased, the whole biiuch being "destroyed, while 
over-ripe fruits of sprayed bunches showed only a lew Olneosjjorium 
pustules. 

It may be here noted that neither Burgundy mixture nor 
Ammoniacal copper carbonate have been found to cheede the scab 
disease of the fruit. 

Along with spraying other precautions are necessary for check- 
ing the Gkeosporimn disease. When all the “ hands ” have opened, 
the fruit stalk should be cut as far back ^s the last hand, in order 
not to have any dead pari; of the fruit stalk where the fungus may • 
live saprophytic ally. Fruits rvlieu picked must be handled very 
carefully in order not to injure the peel and thereby not to open 
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a w&y for the fuugus to enter by. Mummied fruit &nd fruit stalks 
luust be remov^ and disposed of at a distance from the 
plantation or preferably burnt. The room where fruits are stored 
should be occasionally disinfected or whitCAvashed. 

Acknowledgments are due to Babu P. C. Kar, Fieldman to 
the Imperial Mycologist, for doing the spraying work during the 
writer’s absence from Pusa last monsoon. 


APPENDIX. 

Preparation ok Burgundy mixti^rh. 

This mixture is made in the following propoiiiions ; — 

2 lb. copper sulphate. 

2| „ of washing soda (carbonate of soda). 

10 gallons of water. 

Dissolve 2 lb. of copper sulphate in 5 gallons of water. In 
orderto do this suspend tlie (uystals in a piece of gunny bag no.ar the 
top of the water in a barrel. It will dissolve in a few hours, but if 
the crystals have been previously grtnind they will dissolve more 
quickly. 

Dissolve 2^- lb. of washing soda in 5 gallons of water in a 
separate vessel. Then pour the washing soda solution slowly into 
copper sulphate solution in the barrel stirring tjontinuously. The 
mixture should then be ready for use ; before using this mixtiu'c it 
shoiddbe ascjertained that it is Jiot acid in reaction, if blue 
litmus paper turns red on dipping it in the solution, ad<.l to the 
mixture in small quantity more Avashing soda dissolved in Avater 
till a fresh piece of paper dipped in the ndxture remains 
blue. 

The solutions of copper sulphate and Avashing soda kept in 
separate vessels Avill keep good for several days but once the 
solutions are mixed, the mixture should be immediately applied, 
as it deteriorates very rapidly. 

Vessels coming in contact with copper sulphate should not be 
of metah ' 
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PbEPAEATION of AMMONIACAL COPPER .CARBONATE. 

. This solution is made in the following propoitipns : — 

Copper carbonate . . .. 5 oz. 

Strong Ammonia water (B. P.) .. 3 pints. 

Water . . . . . . 50 gallons. 

• 

Make the (jopper carbonate into a paste wdtii a little niore 
than one pint of water. Then add the ammonia slowly and stii* till 
all dissolves, except about ^ oz. or so. If all dissolves add more 
copper carbonate so as to have an excess. This fi^ives a deep blue 
clear solution. This can l)e kc'.pt as a stock solution in a well- 
stoppered bottle. Dilute this stock solution to 50 gallons with 
water before use. 



A NOTE ON THE INHERITANCE OF CERTAIN 
STEM CHARACTERS IN SORGHUM. 

BY 

G. R. HILSON, B.Sc., 

Deputy Director of Agricnltnrey Northern Division.^ Madras Presidency, 


The information i*ecorde<l in this note has been gathered in 
Ihe course of a study, wliich is still proceeding, of the varieties of 
sorghum cultivated on the black soil lands of Bellaiy and Kurnool 
districts, made with a view to pjoducing l)ea\dcr yieldijig types 
of these varieties. 

In 1910-11, ‘from which year the writer’s connection with this 
work dales, it was noticed during an examination niad(‘ at flowering 
time, of some stiains of selected sorghums grown at Hagari Agri- 
cultural Station, that in each strain the plants could be relegated 
to one or other of two distinct gi'oups according to the appearance 
of the mid-rib of the leaf. In one group could be jilaccd all plants 
in which the mid-rib appeared as an opaque wliite band running 
the whole length of the leaf (Plate 111, fig. 2). TJie other grou]) 
included all plants in which the inid-i ib in the lower leaves was marked 
by a dull white, generally broken band, never extending acuoss the 
full width of the mid-rib and rarely to tlie end of the leaf (Plate 111, 
fig. 3) but in the upper leaves was devoid of any white marking 
whatever. (Plate 111, fig. 1.) 

Reference has been made to these two types of plants in a 
Bulletin* on the Madras sorghums by Benson and Subba liao in 
which it is stated that a greyish mid-rib is held to indicate that the 
stem will be rich in sugar but that a Avhite mid-rib shows tliat the 

' B^cm ofad Bubba Rao. The Grt'at Millet or Sorghum in Madras. BulU Dept, Agti.j 
Madras. 
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INHERITANCE OF CERTAIN STEM CHARACTERS IN SOROHOM I5l 


stem vjll bo insipid. A practical tost carried. .out with the plants 
■ of the above-mentioned strains proved the correctness of this belief. 
Whenever the plant examined could be referred to the first group 
the stem was dry, pithy and practically tasteless, and whenever it 
belonged to the second group the stem was very sweet and succulent. 
The test was made by peeling off the outer rind of flie stem and 
chewing the heart. In the following season a further test^was made 
both on the station and outside in the district with exactly sdnilar 
results. Inquiry among the local cidiivators also showed that 
they wojc well aw'are of the relation betwecui tlie appearance of 
the mid-rib and the (iiaracter of the stem and were in Lire habit of 
making a practical use of their knowledge w'hen tlicy wanted a little 
light refreshment in t he field but not when they were scilect.ing seed 
lor tlie next year s croi). Since that time the wjiter has, while 
touring in diffejejit parts of the Presidency, taken the o])portunity 
whenever possible of testing this rclationsliip and has never been 
able to record an exeejjtion. 

In 191 3-] -< a ! ■ am lair of naturally fertilized single plant selec- 
tions, the haractej of the stem of which had been lecoj'deil at the 
time of solectjon, wcje sown in separate plots at Hagari and Nandyal 
agjicultural stations. When these came to be examined it w^a?^' 
found that with two exceptions the progeny of the sweet-stalked 
fjaients were all sweet-stalkerl. The exc;eptions contained thi'ee 
anti fouj‘ pithy-stalked j»lauts resjjectively. In one case, a possible, 
but not probable explanation for the ajjpearancii of these pithy- 
stalked plant s was that seed Jiad been translfij retl f ronj a neighboui- 
ing plot by ants, in the other case this ex])lanation was not jiossible 
and their occurrence coidd be due only to cross-fertilization. Simi- 
larly, the progeny of the pithy-stalkeil parents were with two 
exceptions all pithy-stalked, but in these two the admixture of the 
foreign type w'as so great and the jiosition of the plots was such 
that cross-fertilization alforrlerl the only possible explanation for 
its presence. Counts were made in these two plots and the followmg 
numbers were obtained: — 

PiUiy&bulkeil Hweel-sialked 

448 163 • 

•207 70 


Afc Nandyal 
At Hagari 
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These numbers are a close approximation to a three to one 
ratio and in order to obtain further information a number of plants, 
were selected and the heads were bagged to prevent cross-fertiliza- 
tion. The selection was made as follows : — 

(1) Plants of both types from the two impure pithy-stalked 

* strains. 

(2) All the pithy-stalked plants found among the progeny 

• of the sweet-stalked parents, and some of the sweet- 

stallvcd plants from the same parents. 

(3) Sweet-stalked plants and pithy-stalked plants from 

the plots in which the plants wore all of one 
type. 

(4) Also at Hagari a number of plants of both types were 

selected in some plots of older selections in which 
both types were found to be present. In this case 
some of the heads were not bagged. 

All of these .selections were sown in separate plots in 1914-15 
and were examined from time to time dming tlie course of their 
groAvth. In the case of the self-fertilized plants it was found that 
in cvciy case the sweei-stalked parents gave nothing but sweet- 
stalked progeny, but that while some of the pitliy-stalketl parents 
gave nothing but pithy-stalkeil pro.geny, otheis gave plants of both 
types. Counts were again made in these impure lots aiul the 


following numbers were recorded 

: — 


• 

Pithy-stiilked 

Sweet-stalkerl 

At Naiidyal 1. 

IJKi 

52 

I o 

\\\:i 

r»s 

3, 

l 

41 


137 

68 

i). 

221 

87 

6. 

192 

74 

7, 

183 

(iS 


1,251 

448 

Ratio approximately * 

3 

1 . 


' *• The season was unfavourable at this station and the ])lots were 
thinner than they ought to have been. 
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Plant No. 1 was one of the three pithy-stalked plants found 
.among the progeny of a sweet-stalked parent. The other two 
"heads failed to set seed. 

Plants Nos. 2, 3 and 4 wore similarly from tlic four pithy- 
stalked plants found among the progeny of a sweet-stalked parent. 
The fourth head failed to set seed. ^ 

Plants 6, 6 and 7 were pithy-stalked, selected from the 


impure pithy-stalked strain. 


• 


Pithy-sfalkefl 

Sweet-stalkeri 

At Ha{2;ari I . 


14 

2. 

;i9 

23 

:t. 

.12 

16 

4. 

Mi 

23 

r 

:i6 

16 

6. 


13 

7. 

55 

9 

S. 

4r» 

15 

9. 

:u 

19 

19. 

65 

2ii 

tl. 

56 

18 

12. 

49 

• 29 

i:J, 

38 

21 

14. 

76 

3 

15. 

41 

33 


72;i 

278 


Tlatio appro.vimiitely 1 


At this shation the season was distinctly adverse, hence tlie 
smallness of the numbers and the irregularity in? the proportion of 
plants of each type present in the different^ plots. 

Plants 1, 2 and 3 were pithy-stalked plants .selected from the 
impure pithy-stalked strain. The other plants wei’c the pithy- 
stalked types selected from the plots of older selections found to be 
impure. 

In the case of the naturally fertilized plants, as was to be 
expected, both tyfies gave progeny either all of the same type as 
the parent plant or with some admixture of the foreign type. Out 
of fifteen naturally fertilized sweet-stalked parents eight gaye. 
progeny which contained a few pithy-stalked plants. No counts 
were made in this series. 
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Some oi the pure fitrains it whs consulored worth while to test 
further for yielding quality and seJfod seed was collected friSm each 
of them. The plots are again pure this year, containing nothing 
but sweet-stalked or pithy-stalked plants according to the character 
ofjthe parent stock. 

When rr.aking counts in the impure lots it was found that 
unless the plant had reached the shot-blade stage it was not always 
possible to refer the plants derniitely to one class or the other, but 
at that stage it was always ]>oasiblc to do so. Tin's difficulty was 
felt most acutely at ITagnri in 191t-l.'j season when the growth of 
the plants was p*)or. The figures ((note<l foi- that year and station 
show the actual numbers of plants wliich had )eached the shot- 
blade stage at the time of counting, as all other ])lants were ignored. 
Examination of the ])lants of pure strains has therefore been made, 
during the last two years, and the development of the white-marking 
of the mid-rib has been watched and the following inff)rmation 
obtained : — 

When the plants are small, that is up to the time when they 
arc about six oi- seven inches high, no white marking is present, in 
the mid-rib of the leaf and both the .sweet- and pithy-st alked plants 
look alike. Later, the white-marking begins to develop in the lowei- 
leaves of both types. Tn the pithy-stalked ty]>es it shows as a 
distinct white line running along the median line of the mid-i-ib and 
extending practically to the end of the ksaf. (Plate 1 IT, fig. 4.) I n the 
sweet-stalked t.ypes, the lino is dull not so plainly marked, is as a 
rule broken and does not generally extend further than a little more 
than half the length of the leaf. (Plate III, fig. 5.) As the plants grow 
the white-marking develops, much more quickly however in the case 
of the pithy-stalked plants, until when the plants are i)i shot-blade, 
all the leaves in the case of the pithy-stalked plants will have white 
mid-ribs, tlie white-marking having by that time extendofl right 
across the whole width of tlie mid-rib. In the case of the sweet- 
stalked plants only the lov/er leaves will show white-marking which 
wdll be in the condition described at the beginning of this paper. 
Later stiji, .when the grain is beginning to ripen, an increase in the 
amount of white-marking will be noticed in the case of the sweet- 
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stalked plants. In most cases the lower loaves will resemble those 
•j)f the prthy-stalkod plants, but a difference is always discernible 
provided that the leaf has not dried up. The white is not so white 
and does not occupy the whole width of the mid-rib. The upper- 
most leaf by this time will also have begun to show some white. 
No change is discernible in tlie appearance of the mid-rib of the 
pithystalked plants after they have reached the shot-blade stage. 

To summarize, the results obtained show that — . 

(1) the character of the green stem in sorghum, i.c., whether 

it is pithy or sweet, can be readily diagnosed from the 
ap})oaranc !0 of the mid-rib of the leaf when the plant 
is in shot-blade and for sometime after; 

(2) in bleeding tesl.s tJie ])ithy cliaraetei' behaves as a simple 

donunaiit to the sweet-stalked charactei-. 



INDIGENOUS IRRIGATION WORKS IN BIHAR 
, AND THEIR IMPROVEMENT. 

0 

BY 

G. C. SHERRARD, B.A., 

Deputy Director of Agriculture, Banhipore 


Indigenous irrigation works ocnur to some extent throughout 
most of Bihar, but they are found at their best and in greatest 
number in the Gaya District and in tlio south of the Patna District, 
and in this article only these districts will be described. 

South Bih^, like other parts of the Province, is liable to suffer 
from scarcity in ye^^rs of deficient rainfall, bnt where this interesting 
system of irrigation works exists, it constitutes an assurance against 
serious famine, except in years when tlie failure of the rains is very 
bad indeed. And this, notwithstanding the fact that over 52 per cent, 
of the cultivated area is umler rice, and the average rainfall at Patna 
and Gaya is 44 and 42 inches, respectively. In fact (raya, where 
irrigation works are found throughout the district, is practically 
safe from famine, for though it suffered to some extent during the 
scarcity of 1866, in that of 1874 it only recieived a sjTiall measure of 
reUef, given more as e precautionary mea8\ire than as a necessity, 
while in the famine of 1897 no relief was required. In the district 
of Muzafferpur in North Bihar, on the other hand, where the soil 
is very retentive of moisture, but irrigation facilities do not exist, 
the suffering was much greater in each of these famines, and 
necessitated considerable outlay on relief. 

The two districts, Patna and Gaya, are adjacent, Gaya being 
.immediately south of Patna. Tliey are bounded on the north by the 
Ganges, 'which separates them from North Bihar, on the west by 

( 156 ) 
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the Sone river, on the east by the Bhagalpur Division, and on the 
^outh by*the mountainous Chota Nagpore Division. The physical 
aspects of the tract must be studied in order to understand the 
system of irrigation works. ^ First, in the north a narrow, but 
varying strip of low land is met with, known as the diara, running 
right across from east to west along the edge of the Ganges. This 
is usually flooded in the rains, but grows excellent ci-ops at other 
times. South of this there is a bank of high land, which also luns 
from east to west rouglily parallel to the river. It is along this 
high land that the East Indian Railway main line has been con- 
.structed. Continuing south the land falls sharply into a depression, 
•which slopes from west to east, and is of greatest area in the Barh 
or north-eastern subdivision. This belt of very low-lying land 
varies in depth from three or four to about fifteen miles. Once 
across this the land begins to ri.se as one proceeds south, at first 
very slowly, then more lapidly. In the Northern or Patna District 
the rise, though steady, is almost imperceptible, the general appear- 
ance being a vast allii\ ial plain, broken by village^ mango groves, 
and lines of palm trees, with hills perhaps visible to the .south. 
After ci'o.s8ing into the Gaya Disti'ict the same appearance is presented 
by the Jahanabad subdivision, except that now solitary hills 
can be seen dotted about to the south. On leaving the Jahanabad 
or Bihar subdivision the plain begins to rise more rapidly, 
small isolated conical hills, csovered with jungle scrub except where 
there is bare .steep rock, break through its surface here and there, 
and a line of low hills runs north-east starting near- Gaya town. 
Gradually the land climbs up, until, near the southern boundaiy, 
it meets, and is cut into by, the spurs of the ‘Chota Nagpore hills, 
the lower ranges of which stretch r'ight along the southern end of 
the district, wild, rocky, and covei'ed with forest, jungle, or' .scrub. 

Across this sloping plain, from south to north, ruir nunrei'ous 
parallel streams which rise in the southern hills. Flowing at first 
nearly due noi’th they afterwards bend to^he nor'th-east, and then 
to the east. This easterly course is taken when they have reached 
the low depression lying south of the Ganges, and the lapd of that* 
area is subject to more or less serious floods nearly every rains 
• ‘11 
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when the rivers pyertop their banks and spread aoross country, 
almost at will. Only one river, the Poonpoon, succeeds in forcing 
its way through the high bank bordering tlie Ganges, the others 
turn to the east, flooding out into marsh or jhil, until they eventually 
And their way into the Ganges lower down and outside this divi- 
sion. In the hot weather, and (>ven earliei-, in tlxe (!old weather 
in some eases, the river beds are nearly all mere dried up sandy 
tracks, but in the rains they fill rapidly and cai rv down a considerable 
volume of water. 

It is ovei‘ this plain, which slopes from south-west to north- 
cast, a»\d is <‘ut up by numerous rivers, that a network of private 
irrigation works has been constructed. 'riiC! iuea is (iharacterized 
by a scanty rainfall and a rapid slope, four to six feet per mile in 
the southern (Taya District, off which tin* water ([ui(;kly runs, while 
the soil, which is usually either stiff clay or loose sand, is not very 
retentive of moisture. Ilice can only be grown, therefore, by 
impounding and using every drop of water that c-au be got. 'J’his 
is done in tw(i ways, first by long, nariow c.anals called jiiites 
which open out of the rivers and lead the water from them to the 
fields on either side ; and secondly, by catc-hmetit basins (called 
ahar/f) which hold up and impound the water behind embank- 
ments built across the line of drainage. 



niagraminat.io plan of rivor and piuo. 

The 'jjiiie/f lead off from the riveis at an angle in such a way 
that the water flows dowt) them to fields at a lower level. Thus 
if a river is flowing north, the fines will stretch out north-east 
and north-west from it, like twigs from a stem. The mouth of the 
pine faces up stream and a bund runs out into the river bed to turn 
the water into the canal. These bunds are frequently of masonry, 
a»id may be. continued across the river’s bod as the volume of water 
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decreases. The lengths of the jnnes vary Qonsiderably. Some 
^o£ them are merely rough ditches stretching for a mile or so, many 
of them are five to ten or even twenty miles long Avith numerous 
branches {boMa). One, near^thc Patna-Gaya boundary, is sai<l to 
be 80 miles long, including all its branches ; and it would a]»])ear 
that their number and length is much greater than iS susjiected, 
even by those who knoAV the (jountry Avell, As they vary in size 
and length, so do the\^ in general a])pearan(!e. Some are hid by 
rough irregular bunds scratched up in the river hod, others have 
AA'ell made embankments for this purpose, which are often built of 
masonry. Some contain pukka sluice* gates, and many brancdies, 
with brickwork openings to let the Avater into the fieltls. Frequently 
they travel for considerahde distances embanked alxnni the level 
of the surrounding c.oiinf i:y, gradually sinking until they an* below 
the level of the fields on either side. In short, they arc^ adapted 
in numerous Avays to the various neculs for which they an* built, 
and the natural characteis of the country which they serve. One 
large near Gaya, for example, flows for l^o miles into a 

depression usc*d as a lake, the Avater in which is inca(*as‘ed by the 
drainage of a considerable ar(*a, and the rain water that washes 
down from a hill that benders it on one side, 'fhe lake is partly 
enclosed by an embankment across its lower end, in Avhich are large 
masonry sluice gates, ojiening into another jiiitr l.liat takes the 
water for a further tAA'elve or thirt.een miles. When a piitc or 
hokld is above the level of the land the* water is run into the ricc^ 
fitdds by small distributary channels, hut when it is too low to How 
out in this way it is raised by lifts. The pine.s may discharge their 
surplus Avater into another liver bed, or into a jhil ; but in 
the majority of cases they either run into an ahnr, or sinqily 
end in small channels, so that all the water is used upon the. 
fields. 


/SIDE embankment 



GROUND 

LEVEL 


Diagrammatic plan and side view of au a/wr. 
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Between the Tfvers from which the pifics lead off the Jand rises 
from either aide to the watershed, and it is on this higher land that 
altars, the second form of local iixigation works, are ciiiefly found. 
They also exist, however, interspersed among the pi/ics themselves. 
An ahar is a catchment basin, usually more or less rectangular in 
shape, formed by building an embankment across the drainage 
line, with'two sides running up the slope, that is, in this district, 
where the land slopes nearly always to the north, a bund is built 
from east to west, and from its ends two other bunds are taken 
south, which gradually decrease in size as the level of the ground 
rises. Some of them are built to catch the surface water only, 
others are built across a drainage rivulet. In all cases there is an 
outlet at the lowest point, where the water would ordinarily flow 
if no embankment liad been made. If the water flows in from a 
rivulet or 'pim there is usually a weir in tlie northern bank ; this 
may be topped by a tor-tree stem, but is fi’equently made of masonry. 
The water flowing out of one ahar often passes on only shortly to be 
caught in others. 


outlet 


As in the case Of p/ne?, altars A'ary considerably in size and 
general appcaran<5e. Some are very large indeed, with masonry 
weirs and numerous sluice gates to let out the water for irrigation ; 
others discharge their water through pipes made of hollowed tor- 
trees, in others again, and these are mostly small, the bank is simply 
cut. 

The people are fully coiiscious of the advantages of these irri- 
gation works, and have evolved a system which should tend, to keep 
them in repair, and to increase the number built. It is obvious 
that the ^Uiyats could not, and would not, construct such works, 
nor could they keep them in repair when they exist, as they have 
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not got the necessary capital, nor are they lil^ely to combine in 
^sufficient numbers. It is necessary, therefore, that the zamindars, 
or landlords, should take the matter up. The general opinion 
evidently was that in order to make them do this, the prospect of 
an increased rent would not be sufficient, and it was so arranged 
that the amount of rent depended entirely upon tlic extent to which 
facilities for irrigation were provkled. This is done by .letting out 
the irrigated lands for the most part, on produce rent (bhaoli) 
whereby the landlord receives a little more than half tlie (U’op. 
The crop is appraised in the field before it is reaj)ed, and the \'a]ue 
of the landlord’s share is paid by the tenant, either in casli or in 
grain. Tlie hhmli system is found scattered here and tlierc in all 
part>s of Bihar, but as the rmyats much prefer to pay fixed cash 
rents (nagdi), produce rents occur as a rule only wlien theie is some 
special reason, as in this c^ase, for the system gives the landlord 
excessive power over his tenants. We find, therefore, that about 
70 to 75 per cent, of the rents in Caya, and about |rds of the rents 
in the. Bihar subdi\ ision of Patna are paid on the hhuoli system. 
In the iSaran District, on the other liand. where there is little irri- 
gation the ]jropoiiion is only about 5 j)er cent, t’onstruetion 
works and big repairs are undertaken by the landlords with men 
hired for the purpose ; but small annual repairs and petty works, 
such as clearing silt from pines, closing small breaches, and repairing 
the lesser distributary cliaimels, arc carried out by the tenants on 
the goam plan, that is, one adult of every family benefited by the 
particular irrigation woi k coiuicrned is <'alled»out to do the worlc, for 
which he usually receives no remuneration either in cash or kind. 

An elaborate set of rules for the distribhtion of water has been 
drawn up in the course of time by custom and mutual agi-cement. 
These settle where, and for how long, bunds may be built to turn 
the water ; which distributaries may be opened first when more 
than one are wanted, and the time they may be used ; the length 
of time each village, or each block in ^a village, may receive the 
supply, and other similar questions. * 

From tlie details given above a picture of an ideal irrigated 
tract can easily be imagined. The landlords, singly and in 
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combination, buiJd, pin^s and alms in every useful spot, keeping 
them in thorough working oi-dor. By their power and prestige they 
aid public opiuit)n in enforcing the laws governing tJie supply 
iii turn. The tennnts ivillingh' cariy out the work of repairs foi 
wages when the work is Inrpe. hiii without when it is small. 
Cultivation ' is careful and intensive, and tlie outturns large, thus 
benetiting both raiyni and zaniindai'. 

'The reality, unfortunately, is not like this. Praetice fails 
short of tlicory for many reasons, some of wln(!/i have more effect 
in mic place, otheis in the ne.vt. First among them is tlie gradual 
division of property, the parcielment of large lioldings that has 
been enc/ouraged by a settled rule. Where formerly there was but 
a single zamindar, tliero are now perliaps fifty petty landlords, 
whose interests conflict, or whose relations are so strained that 
they will not combine. The result is that no new works of any sizc 
are undei taken, these works liaving been carried out as a ride in the 
past by one man wJio owned the w'hole area to be irrigated. More 
than this, such large works as do exist are falling rapidly into 
disrepair, ow'ing both to la<'k of means on the part of the numerous 
smaller men who owo them now', and to their mutual jealousies. 

A case of this is very evident near Warisaliganj in (lava. Here 
some twelve or more years ago the Sakri river turned into the channel 
of one of its pines, with the result that the supply of w'ater for the 
canals further dow'ii has gradually been out off, while the original 
pine has been enlarged into a river bed blotting out a large culturable 
area. Various landlords are concerneil, many of whom are willing 
to combine, but, as others still refuse, nothing is done, ow'ing to a 
natural disinclination On the ])art of those willing to do their share 
to incur ex{)ense for the biuielit of thosi; wdio w'ill not join. Again, 
the llolya pine which passes through the village of Chandragarh in 
the west of Gaye, could irrigate much more laud than it now supplies, 
but the zamindars of Chandragarh wdll not allow the water to be used 
by others because their ancestors incurred the expense of building^ 
the canal. The surplus water, therefore, runs to waste. Examples 
tnore or less like these are common. All this results in full use not 
being made of thejiresent penes, aiul no increase of the irrigated area. 
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A second cause is lack of engineering knowledge and experience. 

• On the Vhole, the engineering ability displayed is large, but if the 
works were under expert care very much more could certainly be 
made of them. The unfortunate mishap at Warisaliganj desciibed 
above is not unknown elsewliere, but such would not occur if an 
engineer were to direct the work. . 

Thirdly, the tenants themselves do not make tlio best of tlieir 
opportunities. The fact that more than half tlic prodiK^e goes iji 
rent leads to slovenly (uiltivation. Nearly eveny raiyat lias soiiie 
mgdi land besides that \viii(?li he holds on hhaoli, and all his spare 
time and extra (^are are spent on (Uiltivating the former, the latter 
getting much less thorough work. 

Fourthly, disputes about pnu^edeiKJe in receiWng water are 
frequent, both among [>eople served by tlu^ same pinr and btdween 
villagers of areas lower down with those above them who may Jiave 
dammed a river to turn the s('aiity How. Kiots (-onstantly (xuuir in 
yi^ars of deluuent rainfall, and espectially when the h(ifhl<t rains 
fail. So numerous are these disputes and riots that more than five 
per (icnt. of the time of tiie District rludg(‘ is taken up by irrigation 
(iases. 

. Nevertheless, in si)it(‘ of its short(*.omijigs, there is no doubt 
that the indigenous system of irrigation described ab(>v(‘ is indis- 
pensable. The exac't amount of benefit derived from it is dillicult 
to gauge but it is vevy gieat, and without it certain parts of the 
couutry would be an iiiKuiltivated waste. Its usefillness of n(‘(;essity 
varies from year to year with the varying rainfall, 'flu* manager 
of a large estate estimated that over a minilier of years the rice on 
the irrigated tract is double that on the other land, and in bad 
years the rice on tlu^ iinirrigated area is nil. Evim this is no exact 
desci'iption of its value, foi* in many (uises irrigation facilities have 
been provided for tliose lands on an estate most in need of them, 
the Iinirrigated lields being tJiosc that (ian mosi. easily do without. 

Allowing then that the scheme is a gqpd one, and that it adds 
largely to the general prosperity of the j)eople, and saves the area • 
from famine, tlie queslion how to improve and extend u})on it is 
one of the greatest importance. The question is not a simple one, 
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as a little consideration will show, nevertheless it should be faced, 
and in the writer’s opinion it is one about which the Provincial. 
Agricultural Department should interest itself peculiarly. This view 
is not universally accepted, for it is sometimes objected that the 
matter is too big and any way one that concerns legislators only. 
But nothing) should be too big for the Agricultural Department or 
outside its province that is connected with agriculture and the 
welfare of the agricultural classes. 

The improvement of existing conditions has already occupied 
the attention of the authorities, and a Bill was under discussion in 
Bengal but was dro 2 )ped when Bihar and Orissa was formed as the 
subject concerned that province. Tlie chief points of tlie Bill as 
proposed may be summarized as follows; — (1) The Collector can 
direct and compel fulfilment of a lecord of rights in respect of the 
use of water and repair of the means for securing a supply of water. 
(2) The Collector may, if he thinks fit, direct the construction of any 
sluice, weir, or other work necessary to regulate the supply of water 
in accordance with any rights recorded in a record of rights. (3) 
Any person desiring the construction of a new iri igation work may 
apply to the Collector if he cannot acquire from its owners the land 
needed ; and the Collector, if he thinks the new irrigation work 
expedient, and if any objections on the part of any other people 
do not appear to him valid, can enforce the transfer of the land neces- 
sary, and settle the amount to be paid for the land. (4) In the 
same way if any one desires the transfer of any irrigation work 
from its present owner to himself, the (Jollector, if he tliinks the 
said transfer is necessary for the better management of the ii rigation 
from such irrigation work, can enforce the transfer and settle the 
compensation due. (5) Where in any area the rent is on the bhaoli 
system, or has been fixed or enhanced in consideration of irrigation 
faciUties, or irrigated for 20 years, or irrigation works have been 
carried out under sections 4 and 5 above, and the irrigation works 
are out of repair, the Collector can cause them to be. repaired. 
(6) No person can make a dam across any irrigation work uiJess 
he has the right to do so, and if he does, the Collector may 
remove it. 
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In discussing the Bill as here proposed the ^writer does so as an 
’.agriculturist, and without the least pretence to what, perhaps, may 
be called the legal knowledge necessary, and his definition of legal 
knowledge would probably include many matters a lawyer would 
not include. This must be plainly understood both in respect to 
the criticisms and suggestions. It is quite possible tlmt the latter 
may be impracticable for reasons outside the writer’s vipw, and for 
that reason they are put forward very tentatively. 

Provided that the subject is approached on the lines of the 
Bill little more can be done than has })ecn done, and sections 1 , 2 and 5 
above will result in a great improvenieiit in existing works. That 
such an improvenieiit is necessary is shown by rejiorts wliich were 
called for from all tlie areas concerned, and wliich gave numerous 
instances of works tiiat had fallen into disrepair. 'Phe most common 
cause given for this neglect in repairing the works Wiis the difficulty of 
co-operation that arises in estates held by numerous co-sharers, and 
among several zaniindars. Another cause given Avas povei’ty. And 
another, though not s(. common as the above, a de,^’ire to oppress 
the tenants, particularly in cases where the raiyats wish their rents to 
be fixed payments m cash. If, how'evcr, we turn to the ways in 
iihich the actual falls .short of the ideal given above, it is at once 
apparent that the Bill does not remove several of the disadvantages 
there set forth. It does not provide adequate means for the increase 
of the area under irrigation, it does not help the abolition of the 
hluioli system, and it gives only a partial insurance against 
engineering mistakes. • 

With regard to the necessity of providing foi' an increase of the 
area irrigated. In a few tracts the irrigation works are complete, 
but in large areas they are not. It is impossible to estimate accu- 
rately the extent of land which might be, but at present is not, 
irrigated ; to do so would require a survey by an engineer and an agri- 
culturist. There is no doubt, however, that this area is large. The 
eastern portion of the Aurangabad subdivision is said to be capable 
of considerable improvement in this respect. In the .lehanabad’ 
subdivision, and the south of the Patna District a lot of water ruite 
to waste ; and it has been estimated that three-quarters of the 
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former tract could, be irrigated if proper works weie erected. To 
give two specific examples, tiro District Board Engineer lias reported^ 
that in one grouj) of villages in the west ol (lava whose area is 14,168 
bighas, 3,472 bighas are irrigated by and alidrs, the remaining 
10,696 bighas could be irrigated if the existit.;^ pine wme repaired 
and enlargei.l. He has also reported (hat' in Iviituniba jierganah 
out of 121,018 bighas, of which 18,692 are irrigated, a further 41,817 
bigims could be irrigated if the pines were pul in order and eulargcfl. 
Tliesc last two examples are, not exceiitional. The\' apply, of 
course, only in part to the. construction of new woi ks, and include 
repairs such as the Bill will introduc.e. Sec^tion 3 of the Bill does 
not meet this difficidty of increasing the area sulfii-iently, the method 
of pi-ocedure in applying to the Collector may deter .sonu- would-be 
applicants, and at liest it only provides facilities Joi men able to 
pay for the erection of the works. 

ith regard to the advisability of abolishing the We/o// system 
of rent. This sy.stem. in the majority of <;ases, is bad. and it only 
exists to the large extent found in this part of tins Prox iuce b(‘(;ause 
of the irrigation works. A former Collector of Cava has repiuted 
“ The system is advantageous to a powei-ful and unscrupulous 
landlord, as against a poor and weak tenantry and ke(!])s uji, oi- fosi ers 
the existence of, so many middle men and encourages so much 
dispute, peculation, and dishonesty on all sides as to .'■itamfi it 

unmistakably as bad It is tin* laid that it favouredthe rich and 

powerful that has caused it to maintain its position so long.” Under 
the mydi system the tenant puts better work into his land, and is 
almost invariably more prospeioiis. While the matter is uiulei- 
consideration it would be a very good thing if the abolition or 
reduction of the blimli system were kejit in view. 

If the whole matter could be apjiroached from another angle, 
might it not be possible to avoid the three objections given above ? 
The erection of ellicient irrigation works is very profitable; they 
have on occasions even paid for themselves by the extra rent in the 
first year. Now' woidd it not be possible for Government to take 
Over the repair and extension of the w’orks itself, making the users 
pay ? A tax might be levied on both landlord and tenant, and 
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tliG proocsds used for ORiTyiug out repHirs. eit[)iGi' under eugineers 
•pn a pai* witli the District Board J<]ngineer, or preferably under the 
Public Works Irrigation brancli. Tlu; same organizatiim that kept 
up the existing works mighty be used to look out for places where 
new works are required, in conjunction to some extent wii/li the 
Agricultuial Deparl ment. New works could be erected ©n borrowed 
capital, the rates levied being used to pay back the capital with 
interest in a certain number of yeurs. 

Further, co-ordinated superintendence by a qnalilied engineer 
would result in an approximation to the ideal that no available 
water should be wasted. It is not suggested (liat such super\'ision 
could provide sullicient water for a maximum croj) in scanty years, 
but it would prevent the lo.ss that at jne-sent oc.e.iiis. Another 
point also these exjierts might consider is the suggestion that 
artesian wells can be bored in (faya. 

Some such system as this would get over the dilHmiltv of the 
extension of these works and the lack of engineering knowledge, 
wdiile it would certainly (saiise a gradual change in itents from hliaoli 
to ttdfjdi. There are, of course, difficulties Avhiidi are at once 
apparent, but mo.st of t hem are ‘ legal ' difficulties, Avhich in this 
arti(;le are taboo. 



CATTLE BEEEDING, WITH SPECIAL REFERENCE 
TO THE MILCH COW.* 

ItT 

E. W. OLIVER, M.lt.C.V.S., F.Z.S., 

Superintendent, Civil Veterinary Depnrtme.nt, United Provinces. 


At the last year's Conference of tlie (\' .)perativc Credit 
Societies held at Benares I had the pleasure of reading a paper deal- 
ing with that most important subject, viz., the improvement of the 
Indian cattle. I then described the disadvantages which we suffered 
in this country, and the difficulties which we had to surmount. It 
was pointed out that the question of grazing lands had first to be 
dealt with, and 1 think 1 nrentioned that where insufficient pastures 
existed, it would be necessary to take some steps to provide for the 
deficiency in grazing by giving more attention to the economics 
of feeding by other methods, and by the use of such foodstuffs as 
could be cultivated, purchased, or otherwise procured. Steps have 
already been taken in this direction. Tire reclamation of ravine 
lands for grass has been undertaken and at the same time the 
question of the opening of forest areas for grazing is being given 
due consideiution. In those tracts where grazing is very limited 
small holders are being encouraged to reserv'e a small portion of 
their land for the growing of fodder crops, and the use of many 
valuable foodstuffs, such as cotton cake, is being widely introduced- 
So much then for the question of feeding. 

We next discussed the necessity for an adequate supply of 
breeding bulls. To meet this demand two Government farms have 

* A paper "read at the Proyincial Co-i»poraliro Qoufurunou held at Lnokiiow in Pebruarv 
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now been established and are commencing to issue on loan bulls 
’of the best varieties which are considered suitable for the various 
tracts of the province. The Hissar, Kosi, and Sahniwal (Montgo- 
mery) strains are being maintained for the western districts and 
for those herds where milk production is the primary objo^’t. For 
those tracts in Oudh where small but sturdy plough cattle are 
required the Kherigarh, Parehar, and Ponwar breeds are recom* 
mended and are being issued. 

Buffaloes of good milk yielding strains are now bred; and 
bulls of this description will also be distributed. Government has 
sanctioned the giving of advances for the purchase of good cows in 
those parts where an improved type seems desirable, and suggestions 
have been circulated for the proper care and management of breeding 
stock, and the reaidng of young calves. In order to encourage 
intelligent selection in regard to the mating of the (;attle, a scheme 
is being drawn up for the local award of prizes for the best specimens 
of calves bred by the owners of cows, and got by the Government 
bulls. Due notice will be given of the dates frhm which these 
awards will commence in order to allow intending breeders sufficient 
time for the selection of cows for breedijig of the young stock. 

So far then as much as can bo accon)plishcd for the present has 
been done, but even the improvement of grazing grounds, the 
distribution of bulls and improvements in other directions which 
1 have mentioned, will not be sufficient to produce any very marked 
advance until more personal and iiitelligent interest in the matter 
of breeding and general management is showji by the breeders 
themselves. 1 regret to say that except in a veiy few cases insuffi- 
cient attention is paid to the fundamental ‘principles of breeding. 
The breeder’s aim is often only to obtain a calf, and for this purpose 
he will have his cow covered by the nearest bull without bothering 
as to what it is likely to turn out and without regard to the quality 
of the sire, or the suitability of the union. Cows are frequently 
allowed to mate with undersized, immature, ill-shapen mongrels, 
and still more often with old and decrepit animals. In many cases* 
cows of an essentially small breed are provided with an. unneces- 
sarily large and unsuitable bull, the product generally being an 
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awkward, unwieldy bullock, totally unsuitable Cor the tract it is to 
w’ork in. On the other hand, good milk eow's of large size are 
frequently allowed to be covered by small indifferent bulls of a poor 
milk giving variety. 

The inferioiity and unsuitability of main’ of the bulls in this 
province may be responsible in a great measure for many barren 
cows ; nevertheless, it. is the want of attention and care at the time 
of mating that has been the cause of considerable loss, on account 
of cows failing to comteive, whiidi otherwise should have produced 
good (calves. The financial aspect, of cattle breeding does not 
receive sulhcient attention from the bi’eeder. Tt may be said of 
stock rearing as of other matters that time means money, and by 
breeding regularly from a cow and utilizing the scr\nces of a suitable 
bull, a much greater return for that cow'.s value will be obtained 
in the number of calves pi-oduced and the amount of milk yielded. 

My remarks of course generally ap])ly to all classes of cattle 
and buffaloes, but 1 would here like to take the op]>ortunity of 
saying a few wo’*ds regarding cattle breeding as it specially affects 
milk production. It is not proposed to discuss the question from an 
entirel}'^ commercial aspec.t nor from the ]>oint of view of the fjoimia. 

1 shall confine myself to the subjeist more as it affects the private 
owner who wishes to keej) good (iows for milk for his family or those 
persons who are interested in breeding imjnoved daily (;attle. As 
vou all probably know, the sole object, of the professional fpwaJa 
is to obtain milk. He is not usually partiindar as to its quality or 
cleanliness, provided he can obtain a suflicient quantity daily to 
keep his trade going and bring him a more oi- less regular living. 
This usually leads to the freqxicnt as well as wasteful ])racti(!e of 
milking a cow until she has become diy, and then selling her barren 
for whatever little she will fetclx. I am sorry to say there are many 
cows wasted yearly in this way which would otherwise have con- 
tinued to fulfil a useful purposii as bree<lers and milk producers. The 
reason of this practice is probably to be. foxind in the want of facilities 
for maintaining cows between the period of their ceasing to milk 
and the birth of the new calf. It is thought that dry cows are a 
trouble and expense, to keep, but unless the animal is an inferior 
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one a cow will amply repay her owner if proper arrangements are 
• made to provide for her in the meantime. Tt is here that co-opera- 
tion wmdd 1)6 most effec.tive by enabling arrangements to be made 
for cheap grazing, maintenaiufe, and atteiulanee, for diy cows and 
those in calf. With the jirivafe owner, however, no difficulty should 
arise in this res])e(!t, and lie will find it to pay betlcr.to continue 
breeding from his iiows if liny are good than 1.o milk them out and 
sell them barren. A cow usually may be. covered when lier calf 
is four to five months old and this should always be done. As jireg- 
naney a(h"ances the milk siijiply will gradually deorea.se but this is 
compensated for by having to maintain the cow when dry only 
for a short period. 

Fo 7‘ family jinrposes or where* two or three, owners esan work 
together, tin* following ])lan lias been recommended, 'i'o begin 
with, one cow in full milk should be puic.hased, and five months 
later, another one also in full milk. After a further five months a 
third cow in the same way maybe added to the herd. Now, if a cow 
give 10 seers daily she will, when in full milk, most^likely average 7 
s«*eis daily for nine months and with pro])er ( are she should give a 
calf about, eveiy 14 or lo months. Therefore, when the first cow is 
•lalf through her tiim* of milking and the yield is c.ommencing t(' 
decrease the second cow will b<* in full mdk and by the I ime the first 
one actually stops milking the third is c.ommencing to give itssufiply. 
Thus hy the t ime tin* second one stop.*', and the third is half through 
her time and her milk beginning to diminish, tin*’ first cow will calf 
again and will iw.onnnence to give lier yield. By this method if 
they ar(' good cows they can all In* retained and will pay t.lieii* Avay. 
The financial return of such a system can beV'asily worked out and 
after deducting expenses for feed and kee)) from the value of milk and 
c.alves prodnccHl it will be found to be a paying transaction. I Avould 
liere lik(* to impi (',ss the fact that, inferior cows are under any circiim- 
staiKies a bad iuv(*st ?nent. It is aatU known that it costs practically 
as much to maintain a bad animal as it dges a good one. Old cows 
should never be jnirchased ; it is better to buy an animal giving Jier * 
second or tliird calf. Buyers are oft(*n deterred by high prices and 
sacrifice quality to economy. I f, for example, a cow gi ves an average 
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of 7 seers daily the value of its produce at 8 seers to the rupee is 
14 annas daily. If the cost of its up-keep be 8 annas the net daily 
profit is 6 annas or about Rs. 12 per month, being a clear return 
of Rs. 108 in the nine months. Hence there should be no hesitation 
in giving a good price for such a cow. If, on the other hand, Rs. 40 
be given for<a cow giving only 4 seers the money value of her produce 
does not average 8 annas a day which probably hardly covers her 
feed* and keep, so that the profit is nil and the animal does not win 
back her price. Furthermore, if judiciously mated, the calf of the 
superior animal will be worth far more than that of the inferior 
cow. A cow well purchased is so much capital if pi'operly managed, 
and a calf is an increase on that capital, and the cost of feed and 
keep should be more than balanced by the milk and ghee which 
she supplies. 

If it is milk that is required, care should be taken in the 
selection of cows and only those of milking breeds should be pur- 
chased. A cow, may be a large, good looking, shapely animal yet 
may be practically worthless for the dairy. The best milking cows 
for Upper India are those of the Hissar, Hansi, and the Montgomery 
(Sahniwal) breeds. The former if fed properly generally do well 
in most parts of the United Provinces, although perhaps they will 
not give quite such a heavy yield as they do in their native climate. 
The Montgomery strain are smaller cows and very excellent milkers, 
although in some of the eastern tracts of the Province they are said 
to lose their milk-giving powers to some extent. The Kosi or 
Mewati strain which are usually bred in the tract of country known 
as Mewat are fair milkers but usually not so productive as the 
Hissar variety. Expefriments have recently been carried out on 
some of the Government farms with a view of ascertaining if per- 
manent improvement in the milk producing capacity of the Indian 
cow can be achieved by crossing with some of the noted British 
dairying breeds. Originally some prejudice existed in regard to 
this, as it was predicted that the progeny of such a cross having no 
inherited immunity would rapidly fall victims to the many animal 
epidemics in the country. Furthermore, it was stated tliat the bullocks 
would have little or no hump and for this reason would be useless 
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as w'orking cattle. Thanks to the immunity conferred by protective 
•inoculatfon the first objection has been found to |je surmountable. 
With regard to the second, experience lias shown that the necessity 
for the well developed hump has been greatly exaggerated and 
wherever Government military dairy farms are established, it is 
now no uncommon sight to see half- bred English cat#le drawing 
immense load or ciarrying out other draught work ; nor does their 
working capacity appear to be in any way inferior to that of the 
pure country bullock. The Civil Veterinary Department has 
recently imported bulls of the celebrated Shorthoin and Ayrshiie 
varieties. Many half-bre<l <;ow8 got by bulls of this breed have 
been known to give as much as 2(t seers of milk daily. With regard 
to buffaloes the indigenous breetl of these proviiuies are compara- 
tively poor milkers. The breed known as Murrah which is found 
in the Rolitak l)istri<;t of the Punjab is perhaps the best for dairy 
purposes, and animals of this variety can usually be })rocured from 
the Jehazgarh and Amritsar fairs. 

Intelligent selection and purchase, liberal feeding, careful 
management, attention t.o cleanliness, and hygiene as well as jegular 
and systematic supervision are the factors which make for successful 
cow-keej)ing, and if greater attention and <;are were devoted to this 
industry in India it would have a far-reaching effect not only on the 
health 'but the wealth of the community. 
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In those countries where it is only an article of impoil;, rice 
denotes tlie liusked and more or less polislicd grain of Oryza satim. 
In the (countries where this crop is grown, unliusked ri(X‘ is so dis- 
tinctive an article of commerce and domestic use that the Englisli 
language has adopted for it the Malay word jxidi more usuallv 
written pcMy, which (‘orresponds to the Bengali word dhna. The 
larg(* number of vernacular words each denoting ])addy oi' rice in 
some particular condition or stage of preparation can, howevei’, 
only be translated by the above simple names Cjiialified byadjectivefc 
which readily escape tlie memory of an enquirer into the subject. 
Even when remembered they do not fully indi(*.ate the complex 
domestic or cereiiionial usages associated with the vernacular words. 
It is thought that tbe publication of a brief account of these in 
permanent foruj may be of interest and of definite use as a first step 
towards a serious consideration of the vaiying dieteti(* values of rice 
used as a food-stuff in a major province of India. On this latter 
point, Hoo])ei- (AyriculUiml Ledyer, JD08-09, Vol. V, p. 07) remarked 
that it appeared very desirable to undertake an investigation to 
ascertain something njore than is at present known legarding the 
chemical composition of^the various grains and supplied analysis 
of a given number of samples of rice. He also makes preliminary 
statements' upon the nutritive value of these grains as they pass 
ttrougli different stages from paddy to more edible forms; upon 



RICK, A8 PREPARED FOR FOOD IN BENGAL 


i75 


the losses due to polishing and cleaning, with reference to the work 
. of the Louisiana Experimental Station 1904, and on the losses due 
to cooking. As an example of the last the following figures calcu- 
lated to a water-free basis are instructive : — 



Rice 

Jioilod rice 

Loss 


(C/tal) 

[Hhat) 

• 

Albumiuoicls 

7*9 

7-2 

0 7 

Fut 

0-3 

01 

0-2 

Curlxihyd rates 

... 90*7 

srio 

7-2 • 

Fibre ... 

0-4 

04 

— 

Ash 

07 

0 ti 

01 


Total ... 1000 

91 S 

S-2 









Whilst most of the information about rice is of an historica’ 
or statistical character, a little of a domestic nature is available 
In his Statistical Repoit of Bengal (1875, ef seq.), a monumenta. 
work of 19 volumes, Sir W. W. Ifuutcr records several hundred, 
vernacular names for difTcrent kinds of paddy, thbn grown in tb«i 
.Province, wliilst Sir Geo. Watt {T/ie Commercial Products of India, 
p. 823) states that there are altogether about 20 botanical varieties 
of paddy, of whi(tl) five ar(‘ very distim^t. 'Jlie former writer 
(loc. eit.) has noted umler each district a few preparations of rice, 
those for the Paridpur District (Vol. V, pp. 300-304), based on a 
report by Dr. B. N. Bose, the Civil Surgeon of the District, being 
the most detailed. An effort is now made to cover this ground 
more fully according to the following synopsis and to bring into 
prominence those points where it is thought that scientific, eiupiiry 
may be most usefully directed. 


Synopsis. 

1. Khai. (paddy roasted, then husked mechanically.) 

(1) Mnrlci (sugared lOiai). 

Varieties .. (t) GurMurki. 

(it) Sugar Murki, • 

(2) KJuii-diur and Moa. 
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II. Chal. (paddy husked in various ways. ) ^ 

(1) Alo-dial (niechanicaJJv Jmsked paddy-rice). 

Preparations . , {a) Bhat. 

(6) Payes. 

(o) Polaw (pilaw). 

(d) Sofeda. 

(e) Ruti. 

(f) Pitlie. 

(p) tSaruchakli. 

(//) Malpo. 

(2) Siddlia-chal (Paddy, steamed, diied and 

liusked mechanically). 

Preparations . . (a) Bhat. 

(6) Panta. 

(c) Monda. 
id) Khichuri. 

(e) Bhuni Khichuri. 

(/) ChalBhaja. 

(3) Muri-cfud (Paddy, twice steamed and 

husked mechanically). 

Varieties (i) Alo-muri-cfuil. 

Preparations . , (a) Muri. 

(6) Chal Bhaja 

I (it) SiddJiu-mun-cJuil. 

Preparations . . (a) Muri. 

(h) Chal Bhaja. 


NRE (paddy, macerated, slightly roasted and then 
compi'essed). 

Preparations • * (a) Chinre Payes. 

(b) Chinre Bhaja. 
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IV. Panchui, Handia, efc. (Rice saccharified and fermented 

by action of living organisms). 
Varieties . . (*) Panchui. 

(ii) Handia. 

(in) Kanji. 

I. KHAl. LAI. PHARHI, LAWA DHAN (Sanskrit 
Preparation. The paddy is roasted on sand (about 1 ■lb.) 
placed on the slightly concave floor of a hhoht, which is a (‘.onical 
earthen pot (about 12 inches high, 8 inches aci-oss the mouth and 
12 to 18 inches across the base), from the side of which an entire .strip 
has been carefully chipped away. This is heated on a wood or 
coal fire with a proper arrangement for regulation of heat to keep 
the temperature of the sand fairly constant. The heated sand is 
fairly constantly but gently stirred with a bundle of sticks or st.rips. 
newly cut from cocoanut leaves and used as a broom. When the 
sand reaches the proper temperature, which is tc.sted by the imme- 
diate bursting of a small quantity of paddy thrown 5:)n it, about one 
or two ounces of paddy, previously slightly moistened with a little 
water or by exposure in the open air in the night for softening, are 
I»ut on the hot .sand and rapidly mixed w’ith it. llic paddy thee 
bursts wdth leaps and sounds, as the starch swells into a spongy 
light mass. The starchy portion in this condition is called hhni ; 
the husks being either completely detached or remaining slightly 
adherent at their ends. The khai is mechanically separated from 
the sand and accumulated on the surface of it by a peculiar movcnient 
of the broom sticks and is then taken out from it. It requires a 
very skilful and w^ell practised hand to take oOt the khai and husks 
from the bath, for one unskilled in the. art will take out a considei able 
portion of the sand along with them or some of the husks and khai 
will be charred. In this way a large amount of paddy can be trans- 
formed into khai in a comparatively short time. For the prepa- 
ration of good khai, rather big sized padd^”^ is used, not less than a 
year old, otherwise all the paddy will not burst at the same time, ’ 
or the resulting Tdiai will be too small in size. Kannkchiir, J hingeshal' 
and such other paddy are very commonly used for this purpose. 
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After the removal irom the sancl-batli or frying-pot the accumu- 
lated hhai is rubbed on a piece of Hessian cloth, by which the.. 
adhering particles of sand become detached fj’om it and collect 
by gravity on or below the cloth. Tlie frier (Bhajani) (sonsiders 
this sand a valuable article, as the older and more u.sed tJic sand 
the better is the quality of the product. Tlie next proces.s is to 
sift the husks from the khai in a sieve of the following description. 
It is made of thin strips of bamboo wt)ven at right angles to each 
other, leaving holes through which the husks onlv <!an pass. It is 
generally hemispherical in size ranging from 2 to "» ft. in diameter. 

A sieve is half filled with e.rude kfuii anrl gently nibbed over with the 
palm of the hand in such a way as not to break the crisp khai and 
to leave a depth of about two inches of them between the palm and 
the sieve. The finislied article thus obtained is stored in big dry 
earthen pots. The husks aie used as fuel. 

Proi)ertie>( ar,d Uses. Khai is sometimes used as tifiin along 
with marki, muri, etc., but it is commonly prescribed as a main 
diet for sick persons, being regarded as a light and easily digestible 
substance. When fresh, it is chewed with p'easiuc, producing a 
faint cracking sound but if it absorbs moisture it becomes tenacious 
and then it is rather unpleasant to chew. Lajapeah (literally' 
meaning a (b’ink of khai) is a cold dilute aqueous extract of khai 
and is often proscribed as a light and easily digestible and stimu- 
lating liquid food, having an eHicacy for stopping thirst and vomiting. 
Ijojahhakla is prepared by mixing khai in hot water and is taken 
when cold. It is known as sweet, light, soothing, apjietizing, tasteful, 
and soporific. When this pieparation is filtered through fine cloth, 
the liquid portion called Lajamonda has essentially tlie same pro 
perties and is very frequently recommended by Kavirajes (Ayurvedic 
physicians) for children and oltl or delicate ladies. 

Apart from the use of khai for eilible purposes, it is almost 
indispensible in expressions of joy in connec.tion with births, 
marriages, or the happy death of very old Hindus. The eighth day 
from the date of birth is celebrated by the free distribution of khai 
and other thirds to the children. In marriage it is used at different 
stages in different localities of the Province. If a man or woman 
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dies at a good old age leaving a long line of heir§, a mixture of khai 
• and coins are thro\^ on the streets along which the dead body is 
carried. Such a mixture is also distributed divring the Sradha 
ceremony (end of the mourning period). 

(1) MuRfCi. (?) Murki (with gur). 

Preparation. A certain quantity of gur is taken i(t an earthen 
or iron kara (a hemispherical pot) and dissolved in a. minimum 
quantity of water. It is gently heated over an ordinary hearth 
and the mass is constantly hut slowly stirred with a wooden ladle 
having a fl?it end called tnru. In this way it is brought to such a 
consistency as to feel sticky between the fing(‘rs and draw into 
threads, when the. pot is taken from the tire and ])hxced on a straw 
ring on the floor in an inclined position. A .small quantity of any 
form of (wystalline dry sugar (generally powdered palni-sugar is 
used) is dusted on the edge of the .sindace of the gur towards the 
centre of the kara and briskly stirred with a .«iiiall portion of tlm 
liquid and then gradually the whole of it is gently mi.xcd with it. 
This process is called hicli-inara. 'riien a requisite. <|rtantity of khai is 
added to it by instalments and thoroughly mixed with the prepare' I 
gur . . Then the whole is mas.sed together and kept in a cool place 
under the c.ovcj f»f a clean cloth. The object of the process o; 
hich-mara is to i?itroduce the nuclei of sugar crystals to the whole 
mass for hastening crystallization. While the orystsillization is going 
on, the khai gets a thixr layer of this ?/???•, so the resulting product 
(murki) is coated with crystalline gur. This is’ a very ingenious 
and simple, way of getting the khai coated wif-h ci-ystalline sugar. 
After a few hours the murki is taken out and transfened into a big 
dry earthen pot called jala and is then ready for use. In case the 
murki is not so dry as to be easily separable owing to bad mani- 
pulation or use of inferior quality of gur, some wheat flour is 
dusted over the product and it is then stirred and stored up. 
l^ometimes flavouring substances such as powdered cardamom or 
cinnamon, camphor, etc., are added to ii*ipart their characteristic 
aroma and taste. 

Properties and Uses. Good qindity murki is a (Iry^ yellbw, 
or amber* coloured substance. Date molasses imparts to it a 
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somewhat redder tinge than cane molasses ; and also it has a very 
characteristic pleasant aroma for which it is often preferred to the 
other. Murki is usually eaten with kJim or muri rather than by 
itself but some children having too much liking for sweets take it 
without an}'tbing to moderate its sweetness. 

(?/) Su^ar-Minki. For the preparation of this article white 
crystalline, cane sugar is used instead of gur, and if the sugar is not 
very pure, the solution is clarified with dilute milk, ft is a perfectly 
white, dry. and attractive article of food, rather costly, and is ordi- 
narily used as a diet by patients under Kaviraji treatment. Both 
varieties of murki are at times used in a mixture wilh parched peas 
and gram, such mixture being called (fut = fried, 
karai = peas, etc.). 

(2) Khai-chur and Moa. 

The methods of preparation of these two are essentially the 
same as that of murki ; only a higher proportion of saccharine 
matter and spices are used, and the bicli-mnru process is done after 
the addition of Miai to it so that a considerable amount of it becomes 
broken into pieces. When warm it is taken in handfuls and made 
up into small balls whicdi on cooling become fairly hard. The khui- 
chur makei' from time to time rubs his palms with a little ghee or 
dusts them with flour to avoid stic.kine.ss. Khai-chur is generally 
made with sugar and moo \\'\\\\. gui\ but essentially there is no 
difference. These are used as sweetmeats. 

II. ORAL. CHAUL (Sanskrit— Knglisli— ly/CA’. 

(J ) Alo-chal (.Sanskrit- -.4 top tatuful). 

Fresh or old paddy is freed from dehictive grains by uniformly 
spreading about five seers of it on dry clean ground about two feet 
in diameter and then blowing air on it with a kukt (an instrument 
made of thin strips of bamboo u.sed chiefly for winnowing). The 
defective paddy will separate, off at a distance leaving the good grain. 
Tlie process is repeated till several maunds of paddy are freed from 
dust and defective corn. Rice is prepareii fiom this paddy when 
thoroughly sun-dried. Tlie method of husking is almost the same 
as has been described by Sir G. Watt (toe. cii.), only it may be 



BlCK, AS PREPARED POR FOOD IM BENGAL 


1-81 


mentioned here that two men are not indispcnsa^e for this purpose ; 
•some clever workers can do it alone. In several platses rice-mills 
are established where this work is done w'ith much facility. From 
this rice, hhid, tunsh, and kura are obtained. This rice is called 
Alo-chal. 

Properties and Uses. Ah-chal is not eaten without some process 
of softening but may bo offered in dry condition to Hjndu gods 
and goddesses. For the latter purpose it is more frequently carefully 
washed with the holy water of the river Ganges and kept in the 
shape of a solid cone on a disc of wood, brass, fioppoj’, or f ilvw. 
On the top of this cone there are often placed some sweetmeats 
called naibedyas which after the jnija are distributed among the 
priests, together with the rice which is then transformed into bhaf 
and eaten. The Hindus celebrate the new paddy of the 
year on a Thursday of the month of Agrahyan (from middle of 
November to that of December) which is called wdxiniot (means 
new-rice). .iJo-chal prepared from very good quality of new paddy 
is mixed with various kinds of edible roots and fruiw. milk. (jnr. and 
other sweets, and offered to gods and goddesses, alter which it is 
eaten by all the members of the family ; but until this ceremony 
is linished, orthodox Himlus will not eat the new rice in any form. 
Cold aqueous extract of this rice c.alled Unidid-odok (rice-water) 
is prepared by nii.\ing rice or its powder with al>out four tiities its 
own weight of water and then filtering it, which is preacriberl as a 
diet only to certain patients by Kavirajes. 

Khud. is the broken rice and regarded as -a waste product. It 
is either given away as alms or utilized as a food foi' milch cows 
after softening it in water. It has a veiy lunPritious effect on cows 
as they apparently give more milk when fed with this. 

Tms/i is the husk of larger size ; it (;ontains rice oil (Cf. Jour. 
Chem. Soc. Iiidi., 1893, 848). It is chiefly used as fuel, but it is also 
jiiixed with clay along with a little cow-dung for plastering 
purpo.ses. Tmis/i and clay plaster is v(«y tenacious and does 
not crack on drying. 

Kura or Gunra. This is a mixture of powdered husk^aud parts * 
of rice. It is chiefly used as a cattle food and is specially liked by 
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milch cows. Tf thrown into a pond in either the raw state or parched 
it acts as a most effective grain bait for fishing. 


(a) Bhal. 

Alo-chal is boiled for 20 to 30 minutes with about 4 to 5 times 
its weight «f water. Wlien sufficiently softened it is taken from 
the fire tmd the exce.ss of water, which has become thick with some 
broken or loose particles of biu-st starch, is decanted off. This 
softened rice is hhat. It is taken out from the boiling-jiot and 
spread on a plantain leaf, cotton cloth or metallic or stone 
plates for cooling if necessary, when it becomes ready for use. 
New rice has a tendency to soften too much ; however carefully 
it is cooked or the temperature and time regulated, its 
gelatinizing property causes it to form lumps when cooled. The 
strained li<piid is called fan and so is generally used as a drink for 
cattle. 

Properties and Uses. Unless the dial itself is coloured, the 
bhat of ala-ckd is as a rule white and A’ery nice to look at. This 
bhat is regarded as more nutritious but less digestible than that 
from siddha-chil. It is generally eaten among orthodox Hindus 
who want to keep a c loser touch with religion and want to live a pious 
life, by priests, old Brahmins, old widoAvs, mendicant s, and mourners. 
The reason for considering it as a suit;ible food for the pious is that 
it is practically a natural product, since as chal it has not undergone 
any process of cooking or steaming but is husked by means of 
mechanical treatmerrt. The tendency of the Europeans to use 
this rice preferentially originates from the fact that its hhat is whiter 
than any other. The Indians believe it to be an approved 
an-aphrodisiac article of food. The only reason why this is not used 
as a staple food in preference to siddJta-chal is that it is more costly 
than the other owing to the large amount of rice lost during the 
process of husking. Fan, under the name of monda, is prescribed 
as a diet for certain patients by Kavirajes when prepared with 
special care suggested by them. They regard it as an essence of 
hhat mixed with a little soluble starchy matter. Ordinary men 
find it difficult to digest and it is also supposed to contain more 
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nutritious matter than hhat. Putrefied fan is sometimes used as a 
•manure for certain creepers juoduoing edible fruits. According 
to Chakra and Bhabprakash, when hhat is waslied with water it 
becomes more digestible and it is a common practice among tlie 
Bengalis, when a man is suddenly attacked with diarrhma or 
indigestion, to take hhat that has been previously steeped for some 
time and washed in cold water, because it is considered to become 
easily digestible by those processes. . 

(b) Payef! or Poramamut. 

There are about forty dift'erent recipes for the preparation of 
Paramanna (Param = good, high ; w.w/ = rice). ( Jenerally very good 
quality alo-chal is selected for this purpose, i.c.. which has fine and 
clean grains and much aromatic oil in it. Cenerally the varieties 
known as Banktulsi, Dndkhani, Kamin'i, lianslunati. Gojtalhhng. 
are (diosen. The rice is thoroughly washed and transferred intc 
a pot and suflicient water added to cover the rice to the depth ol 
an inch ; then it is very gently heated, no time should it be boilea 
briskly. When tlie ri(;e is about half-softened .so f het the onto.' 
half of the ri<^e is soft bnf the inner part remains as stiff as before, 
hot and half concentrated milk is added to it and gently .stirred 
to mix it thoroughly. The (juanfity of the milk to be irsed varies 
considerably, depending on the quality of the prmluce wanted. Then 
a sulficient (piantity of a sweetening .agent, such as jmre cane-sugar 
or cane or date-inola,sses i.s added. After gently ‘boiling for a few 
minutes some flavouring sub.stances such as •cardamom, powdered 
cinnamon, camphor and some fruits like raisin, pistachio, almond, 
etc., are added. • , 

Properties and Uses. Pat/es prepared with sugar is white 
but that with molasses is of pale brown colour. It is a mixture of 
thick syrupy liquid with hhat, emits either the natural odoim of 
the rice or that of the spice added to it, and is a ric.h, delicious 
and tasteful article of food. As a ruie it is not used daily 
by any class of people but it is aImo.st indispensable on all 
festive occasions except tho.se where pro2jaration.s of rice ard 
unallowable. 
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, (c) Polanm or Polaw. 

PoUinna is a Sanskrit word and its method of preparation can; 
be found in several old Sanskrit books. The other word polaw has 
probably been introduced by Mahomedans during their rule in India. 
It was a well-known favourite food of most of the Mahoniedan kings 
and eraperers. For this puipose good rice such as Kamini, 
BanktuIsL Banshmati and Dadkhani is chosen. Alo-chal is generally 
used but it can also be prepared with siddha-chal. The rice should 
be free from broken grains and should be at least tw'o years old. 
There are more than 100 different preparations which may be 
classed under this heading, combinations in various quantities of 
various choice articles of food. The following description will only 
afford an idea of the general principle of its preparation, (food 
clean chal is gently rubbed with cow's ghee and saffron, and 
placed in the sunlight. As soon as the ghee soaks into the rice 
another coating of it is given. This is repeated till the process of 
soaking is complete. It requires a few ho\irs preparation in sunlight. 
If prepared without colouring matter, the finished article will be 
called ghec-bhat and not jwlaiv A decoction, ciallcd akuir jnl, of 
several spices such as cardamom, (uunamon, cloves, coriander, etc., 
is now prepared Avhilst the rice is mixed with raisins, pistachio, etc. 
In a dekchk a layer of tejpata (cinnamon leaves) is spread with 
some ghee, then some pieces of fried fish, meat, or lumps of congealed 
milk wnth some of the i-ice are put on it. This is covered with another 
layer of lejpata and ghee, and similarly another of ii(;e and icjpata 
is arranged on it. Next, the above prepared decoction is added 
till its surface rises about inches above ihal of ihe rice. To 
impart flavour, sugar, Ctu d, salt, et c., are added in vai ious proportions. 
The dekehie is now covejed with a lid ajid gently heated over a bright 
fire. .After about 20 minutes when the rice is not yet completely 
softened, it is removed and kept on a smouldering hearth, with 
some lumps of glowing charcoal on the lid, so as to keep the 
temperature of the ]iole.w high for a considerable time to soften 
the rice completely, a process which is called doiti. Sometimes 
delicate perfitt'nes arc added at ^he entl, musk being formerly much 
used for the purpose. 
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Properties and Uses. Polaws are very delicious, fragrant articles 
•of food.* These are very nutritious and rather difficult of digestion, 
being commonly used among the lich classes, but only cooked by 
others on festivals. 

(d) Hofedu attd Pituli. 

Good ado-dial is macerated with water for about tvvelve liours 
or more, then the whole is put on a new cotton cloth through 
which much of the water jiercolates out ; it is then put oh a 
piece of dry cloth which soaks up all adhering water. This rice 
is crumbled and tlie coarse powder is passed over a sieve 
of coarse cloth. The lesidue is again crumbled and sieved and 
finally a small part is neglected to be used as a (lattle-f'ood. The 
sufeda thus obtained cannot keep long unless perfectly sun-dried 
and stored in a dry pot. This is simply alo-ehal powdered by a heavy 
grinding stone. Some people call it chal-ata (rice flour). 

PUnli is a pasty mass of powdeied alo-chul generally prepared 
ofdy in small quantities by rubbing moist alo-duil with a little water 
on a rough stone surface with a similar stone roller. 

Projierties and Uses. It forms a white poAvder A^ery much 
resembling flour. It is not direcfly used but it 's the main ingi-e- 
dient in the jneparations of pilhes, saruchakli. nialpo, etc. Now-a- 
days it is used as a fraudulent substitute for wheat flour in prepara- 
tions of several good sweetmeats such us -pant ua, rasagoUu, etc. 

(e) Rati. 

Sofedu is treated Avith boiling water in the same manner as 
in the preparation of puli (see later). 'Hie whole stuff is made 
into a solid ball by thorough rubbing and pressing. It is theft 
divided into small balls of about ^ inch diameter. These are 
next flattened into thin circular discs, and are subsequently roasted 
on a hot iron plate and these are known as ruti. Sometimes salt., 
sugar, etc., are mixed with if as fancy requires. 

Properties and Uses. Ruti is a soft nvhite substance and is 
not so attractive as several other preparations unless it is suitably 
flavoui'ed ; it is difficult of digestion and oidy occasiouaUy used ’ 
by Mahomedans and some up-country people. 
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(f) Pithe or Pistaha. 

By pithe several preparations of powdered rice arc meant; 
particularly (1) (ishe and puli or siddha-piihe or ehako, and (2) 2»dh 
siddha-pidi or (dinht. 

(1) Aske. Sofedri is mixed with water to form a thin paste. 
About a flufkl ounce of it is poured on a hot pan smeared thinly with 
a little muslard oil ; then it is covered with an earthen oup. After 
some time the (‘.up is removed, when the cake is taken off with a 
ladle, 'rhis is aske. Tlic object of covering is noteworthy. It 
retains practicially all the water vapour by reverberatory process, 
and causes softening of the starch by continual steaming. Jf it 
were not covered the stuff would have dried before the soffeuing 
of the starch grains. Aske is a while double convex cake having a 
taste like bhai. It is usually taken with pur or its syrup but may 
also be taken with (uirry. 

(2) Pali, siddha-puli or cJiaka. Hofeda is gradually jioured into 
boiling watei' stirring vigorously all the while till a thick paste is 
foriued. Whei'J cooled it thickens and if it is not thick enough it 
may be ncade so with a fresh quantity of the ])owder. About half 
an ounce of this suhstaiu^e is taken and shaped like a cigar with a 
little dried milk in a solid state or some sugar preparation inside it. 
Several of these are put in a })Ot containing boiling water and v'ery 
gently boiled lor about half an hour, wluni they become ready for 
use. At some othei places, however, they are steamed on a cloth 
tied on the mouth of a pot where some watei' is boiling. In this 
way the matei ial is softened by steam under a cover of a lid above 
and direct saturated vapour below, for about an hour. The pro- 
ducts ol.tainable by" the two processes are ])rat tical'y the same. 
They are eaten on similar occasions as the aske, that is in the end of 
the Bengali month I’oush, middle of December. The jiroperties of 
pilhes ar(' similar to thosi* of simple hhal. 

„ (g) SarucJiakli. 

A thin syrupy paste is made of sofeda and water which is 
' called gola. yometimes salt, pur, paste of dal and wheat flour are 
added according to the taste reijuired. The consistency at this 
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Stage has a very important effect on the finishoff product. About 
*a fluid ounce of goJa is taken in a small cup or spoon and poured 
evenly upon a flat frying pan previously rubbed with a little 
mustard oil or ghee on a slice of brinjal or potato. Then it is 
immediately spread to a uniform thin circular disc with a simple 
spatula of palm leal cut like a kuife-blade. After a shorP time when 
the lower portion of the disc, called mruchakli, is somcwlvit baked, 
it is lifted with a thin ladle, care being taken not to break any portion 
and then turned over for baking the other side. The ladle is then 
pressed on some pai-ts of it so that the baking may be uniform, and 
when finished the disc is taken out and folded into a quadrant. 
This is one of the delicate preparations requiring considerable skill 
and practi(te. 

Profjeiiica and Uses. SaraeJiafclis are sometimes as thin as 
paper but commonly they arc made a.s thick as | to ^ inch. These 
are soft and are not generally eaten alone but with tieacle or curry. 
Though not a delicious food yet it is taken as an alternative. 

(h) Mal[io. 

(lola is [nepaixsl in the .‘■■ame way as al)ove with additions of 
sugar, drietl milk solids, spha's, etc. About an ounce is poured on 
a hot bath of ghee and fried carefully. This is maIjM.), it is also 
fnepared with curdled milk and other ingredients. 

Pioijcities and Uses. These plano-convex discs of about 2 inches 
diameter are a brown to yellow colour, of delicious flavour an<I 
commonly used as a .sweetmeat. • 

(2) SiDOHA-OHAL, BhATKR-CHAI. C'R l>Oll,KIJ HjOK. 

I’addy is cleaned as described under k/iai and macerated with an 
excess of water iti large vats tor about three or four davs. then taken 
out and placed in an (‘arthen j)ot or a tinned iron (jan, containing 
a small quantity of water which is heated till .steam is .seen to 
penetrate all the paddy. This process of steaming cau,ses th<( husks 
to burst. The steamed jiaddy is then dried in the sun to a definite * 
xlegree which is determined by pressing it between teeth. J( ii^ 
husked by the usual process. The products are siddha-clud, khud. 
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hura and tumh. The latter three, by-products are used lijce those 
from alo-chal (q.v.). The finished article is then stored in gunny 
bags and is ready for market. 

Properties and, Uses. Siddha-chni has a cliaracteristic trans- 
parent greyish while appearance in contra-distinction with 
alo-cJtal. If is less brittle tlian the lattei-. During the process of 
steaming before husking nearly all the grain is swollen and resembles 
bhat but it again contracts when dried. This is the cheap variety 
forming the staple food, bhat. of most Bengalees. Its bJiat is believed 
to be more easily digested than that of alo-c/ial. It is more easily 
husked than the other and also with much less loss. This largely 
explains the preference shown for siddlia-clial, but the rice produced 
is greyer than alo-chal. I’lobably this accounts for its being not 
used as a table-rice by Europeans. Its hliat can be softenetl to a 
considerable extent without that, stickiness and gelatinization 
found in alo-chal. It is generally regarded as less nutritious than 
the other, but this is not (lompletely corroborated by scientific 
experiments. There may be some truth in it liecausc some of the 
nitrogenous matter may have been extrai^ted and lost during the 
process of steaming. 

(a) Bhal. 

T’he bhal is prepared in the same w'ay as that from alo-chal, 
only it takes a little more time to soften ; the older the rice the 
more is the time required for softening. 'Phe fan is also pi oduced 
as before. 

Porer bhat. Thi's is prepared from old small grain rice by 
heating over a dim and slow heat produced by a heap of burning 
cow-dung cakes. In an earthen pot the rice with four times its own 
weight of water is taken and covered with an earthen lid and placed 
on the fire. It very slowly but steadily boils for not less than an 
hour, after which the pot is taken out. Generally the whole of the 
water added disappears by soaking and evaporation, consequently 
very little is left as fan. * This food is regarded as nutritious, easily 
digestible apd tasteful, and is chiefly used for children and invalids. 
These special properties it acquires by the slow and lengthy process' 
of cooking so that all the particles of starch are completely softened. 
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(b) Paiitri : Panta Bliat : Pahal Bhat. 

. Bhut is prepared in tiie usual way, the Jun being strained off. 
AVhen it is perfectly cooled to the air temperature after three or 
four hours sufficient cold water is poured on it so as to cover about 
.J inch deep. On keeping *ii; (;ovcred for at least 24 hours it 
becomes ready for use. It retai)ia its taste for two or4hi oe days. 
Tlie fluid portion is called ammii or tonmi, and the rice is called 
panta, innta' bhat or imlcal hkat. Anmni may also be specially 
prepared in the following manner : — In a new eaithen pot about 
half a seer of softened rice is taken and filled with pure water and 
after covering with a ]noce of cloth it is kept under the direct heat 
of the sun. Next day another instalment of fresh hlwt is added 
and similarly left under the sun and so on uj) to three or four days, 
nien the clear transparent upper bipiid called anmni is decanted 
out and drunk'. 

Properties and Uses. Panta has an acid taste only, otherwise 
it is similar to fresh hhat. It is generally used by labouring classes 
who prefer it as cooling and refreshing. When oaten it is very 
often mixed with lime or lemon juice or with preparations of some 
a(dd-containing fruits and a little salt. Tlie fluid portion, the 
anmni or torani is used as a cooling drink and also sometimes 
presiwibed as a diet by Kuvirajes. 

((!) Motida, Fan, Mar. 

Mondn is another name oifaii as stated alreaflv. But the fan 
obtained as a by-product from the preparation of hhat is not 
quite siniilai’ to that described below. In a new earthen pot 
one pari; of washed, good, old rice is takwi with 14 parts of 
water and boiled till completely softened. Then after straining 
out the fan it is mixed with one part of warm water and thoroughly 
ground in a mortar by a pestle. When it forms a pasty mass it 
is mixed with a fresh quantity of water and filtered through a 
piece of fine cotton cloth. The filtrate is tl^e true motida to be used 
with a little salt, powdered ginger, and lemon juice. It is a very 
easily digestible, light and tasteful article of diet. Commonly,* 
however, fan, tnonda and mar imply the same tiring ; the above 

• 13 
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is a special preparation used as a diet only by some classes of 
patients. 

(d) Khichuri, Kicfuiranm. 

There are no less than 30 different preparations of khichuri. 
These can be prepared either from alo-ehal or siddha-chal ; 
those with the former are not necessarily finer than with 
the lattef. Commonly siddha-chal is used for this purpose, 
hence it is described here. Tlie essential constituents in this 
preparation are dial and dal (pulse) ; they are mixed at different 
stages in various proportions. ITiere are several preparations 
AAuth fish and meat, but as a nile good dml and dnl are used in 
its preparation. When rice is half softened by boding, a quantity 
of dal whioli varies from one to four times that of the rice, is added. 
Next turmeric, raisin, pistachio, almond, sugar, ghee, salt, etc., 
are added. Sometimes fried fish, egg. meat, dried milk solid, etc., 
are added. When both the dal and rice are softened, tiui mixture 
is witlidrawn from tlie fire immediately after addition of powdered 
spices. It requires mucli skill and care to cook it as here no fan 
is eliminated. There is a great chance of the mass charring and 
sticking at the bottom of the pot. In case there be any excess of 
water, the pot with the suhstanoe is placed over a smouldering 
fire. 

(c) Bhimi khichuri. 

There is another class of khichuri called hhuni khichuri 
(Bhuni = fried) prepared with dial and dal that liave been fried 
after smearing with ghee ; other-wise it is same as ordinary 
khichuri. 

Properties and Uses. It ha.s a pleasant appetizing odour, a 
yellow to brown colour, and a delicious ta.ste. It is a rich food, 
difficult of digestion, commonly used as an article of luxury taken 
on some special occasions, e.g., picnics, rainy days, etc. It is known 
to have a very heat-producing effect on the human system, so it is 
more frequently used in winter. Travellers often prefer it to 
simplify cobking. It is generally eaten while hot or warm, as the cold 
stuff is' less tasteful. . 
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(f) Chalbhaja. , 

Ordinary siddhorchal ia moistened with a little water and 
salt and rubbed gently but thoroughly to give it uniform coating of 
salt, and then roasted on ^ sand-bath as in tlie preparation 
of khai ; the product is called chalbhaja. This is also sometimes 
roasted in a hot iron kettle when the pi'oduet is C‘Al\ed\halbhaja of 
kal-Miola,. The preparation is hard and requires much chewing, 
is not very palatable, and also digested with difficulty. But w’licn 
mixed with mustard oil, red pepper and a little salt it ia reli.shed 
by the labouring classes as also by healthy young peo2)le. 

(3) Mubt-cfial. 

Tlicre are two varieties of Muri-chal : — 

(i) Alo-muri-ehal ; (ii) Siddha-muri-chal. 

(i) Alo-miiri-chal. Paddy is taken in a basket and placed over 
a new unused jwt containing smne water boiling in it, Then the' 
paddy is (iovered with a clean cloth ; all the st('am that c.omcs out 
must pass throxigh all the ])addy. This proiiess*of steaming h 
continued for half to one liour. The grain is taken out and put into a 
large vat of water and allowed to mac.orate foi- t hree or foui- days. 
By instalments a large quantity of paddy is steaimsl. After inacera 
tion it is taken out from the water and steauKsl again as befoie, 
then dried and husked in the manner already described. The 
b)'-products, namely, khad, k>im and fumh are also, similarly used as 
before. 

Projmticfi and Use.<i. Tiiis ri«!e rescmibles 'siddha-chal in appear- 
ance. It is only used after its conversion into mari or chalbhaja. 
Its method of preparation is more (iostly than that of ordinary 
muri-chal and the products obtained from this rice are inferior to 
those from the other. The muri and chalbhaja from this lice are 
exclusively used by old Hindu widows who live on alo-chal only. 

(a) Ala-muri. * 

Alo-muri-chal is washed with water and rubbed with a small , . 
quantity of salt, then transferred into a large shallow ■earthen 
kettle or Miola and placed on a hearth. It is very gently 
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heated, being const{\ntly stirred with a wooden ladle. This process 
is called onja. At first the adltering water evaporates, then the 
temperature slowly rises and gradually all the rice becomes brown 
amber coloured. At this stage it is removed from the fire. In 
this process a considerable portion of the starch is probably dextri- 
nized. Ther. it is usually parched on the sand-bath as described 
under Tclmi, 

' (b) Alo-ch(Mmja. 

ChcAhhaja from this clml can be prepared by dry heat, either 
with or without sand, and its properties are almost the same as those 
of siddha-clmlbhuja. 

(ii) Siddha-ninri-cJiaJ , muri-dtfil. Clean paddy is taken in a 
fairly large sized earthen pot with about one seer of water and very 
gently heated till steam is f-een to escape. At this stage the heat 
is carefully regulated so that steam only just escapes. It is kept in 
this condition fru aboxit quarter of an hour and then poured into a 
big earthen or \j;'ooden vat. Mlien sutficnent has accumulated it is 
covered with water to a depth of three inches. It is left in this 
condition for three or more days when it is taken out and steamed 
again, dried and husked in the usual manner. The rice obtained is 
called mnri-dujl. The by-products are also similarly iised as 
stated before. 

Pro2)ert/i.es mid Uses. Mwi-chnl looks slightly darker than 
siddha-chnl. It is- solely used for the preparation of (a) mmi and 
(b) chalbhnja. Of course it i.s not impossible to piepare hhM from 
this rice but its taste would be quite different from ordinary rice. 
Its blmt does not taste sweet as that from other rices. It is due to 
this special process of preparation in W'hich the starch is so changed 
that its taste is quite different. 

(a) Muri. For its conversion into muri this rice is treated 
in exactly the same way as alo-wMri-chal. Bulk for bulk it 
swells more than the other. It is a greyish white, brittle and dry 
. substance, and is an easily digestible, light food. In villages it 
is prepared- by each family for its own consumption and is also 
prepared* in’ quantities by sweetmeat makers and vendors. It is used 
as a cheap and easily procurable article of tiffin. Almost all healthy 
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village people, young or old, rich or poor, use. it for this piuposc. 
It may be taken as it is or smeared with a little mustard oil, red 
pepper and salt, followed sometimes by (jur or sweetmeats. 

Muri is appreciably hygroscopic ; when exposed to damp air 
it rapidly absorbs moistm-e and loses its brittleness and then it is 
not readily chewed and is rather uiijilcasant. In tluS condition it 
does not crackle in the mouth and is called miono-muri, ‘ miono ’ 
meaning soundless. • 

Muri is sometimes mixed with milk, curdled milk, plantain, 
mango pulp, etc., before eating. Such mixtures are called falliar. 
Fulluir, however, can also be prepared from Ichai oi- chiiire. 

Muri-chnh and muri-wixi are prepared just in the same way 
as khoi-moa. 'I’he muri-chak is sliaped into thick circular discs 
anti the kliai-nwii into balls. 

(b) Chalbhaju. Chtilhhaja from this rice can be prepared I " 
the same method as clutlhluija from other rices, but this variety c 
more tasteful and easily digested. This stuff is used like muri be , 
less frequently. It is very stddoni taken aloi*e, being alway : 
mixed with parched grams, peas, etc,., and smeart'd with mus- 
tard oil, pejjpei' and salt. In t'eilciitta there is a common and 
well-known preparation of clialbhuju., called alxik jalpan (abak 
durnfoundered ; jfdptfrt = tiffin, i.c., a food so good that one is dum- 
foundered). I'his is chiefly a mixture of good chalhliajn with 
parched peas, grams, etc., llavoured with mustard oil, red and 
blaiik pepper powder and several other sjiices. It is sold as one 
pice paper packets folded to form a solid cone. It is a tempting 
substance specially to children who take it in the afternoon. 

Gunda literally means powder; but powders of muri or cliulhh^ju 
arc called by this name. It is generally eaten with molasses oi- 
treacle, and is also sometimes prepared from fried khud for etionomy. 
It is not ordinarily sold in the market but prepared for family use. 

III. CHINllE, CHIBA, CHUB A (SAiskrit— C////’/2’AA'). 

Any paddy is taken and steamed in an earthen pot as previously 
described, and then macerated in a vat of water for two or three days. 
Then it is taken out from the water and kept in a basket §o that the 
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adliering water diaiiis away. Wlien drained, it is transfeiTed to 
the d/tenJci-sal or husking-machine adjacent to which a hearth is 
ready with a sand-bath on it. It is heated in the sand-bath until 
there is evidence of parching, i.e., a li,ttle khui is formed. Then it 
is immediately taken out on a kulu and freed from sand by winnowing 
and at once'subjccted to the working of tlie dlmiki, while still very 
hot. The vhinre. is purified from the tinish, etc., which arc eliminated 
by tiie usual process. The preparation of chinre requires the utmost 
skill so much so that it is still restricted to a jwn'ficular class of 
peo])le called chukir. This work is generally performed by women ; 
all the operations are finished while the chinre still remains sensibly 
hot, it is then air-di ied or sun-dried if necessary and stored up in 
gunny bags, or big earthen or wooden jars. 

Arwah churn or nrwah. In certain places paddy is allowed to 
soak completely in water (foi‘ three or more clays) then partially dried 
in the sun, heated and crushed by the dhenki or by some similar 
jueaus and cleaned. Tfie chinre thus obtained is called by the 
above names. This can also be made with half ripe paddy. 

Vsm chum or joshandu is pr(“})ared by steaming or boiling 
paddy with water and partially drying under the sun ; it is then 
usually bruised in the dhenki acid cleaned. 

Properties awl Uses. Chinre is a fern-like flat greyish white 
substance corresponding in colour to the rice used. When steejied 
in water it considerably swells uj> and becomes as soft as hhat or 
sometimes softer. It may be then eaten wdth (]ur or some such 
sweetmeats, but it is most pleasantly eaten after mi-ving with the 
various tasteful substances noted already under falhar. It is a 
valuable article to travellers and orthodox Hindu tomists or pilgrims, 
as it can be readily prepared for food without cooking ; besides it 
has a special advantage that it is not more costly than bJiat. 

f^yaier of chinre is a cold aqueous extract of chinre prepai’ed by 
simply steeping it in water for a certain length of time. The 
clear water is decanted off with the greater part of the . soluble 
matters (sugars, soluble starch, etc.) in solution. Tliis is regarded 
as valuable diet for patients suffering from some stomach 
diseases. , 
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• (a) Chinre Payes. * 

One part of sugar or ytir and about 8 parts of milk are 
boiled for about 20-30 minutes for concentration, then a very 
good quality of chinre is washed and put into it. Wiien this just 
conunences to boil, it is taken from the fire and licpt in a warm place. 
This is used on the same occasions as payes made from alo-chul and is 
equally delicious. To it also raisins, pistachio, sweet almond kernel, 
and spices are added. 

(b) Chinre bhaja. 

It is prepared in the same way as muri by parching 
chinre on a sand-bath. It is used instearl r)f muri but 
less frequently than the latter, it is also often used in a mi.'cture 
with several other fried substances. 

Chinre cluik is a preparation corresponding to ninri c/ta^’.pre|tared. 
sold and used side by side with it. It is a good substance to be 
taken at the tidin time if prepared with proper care. 

IV. PANCHUr, TIANDJA, AND KAN.’l. 

Preparations of alcoholic (Irinks from rice starch a]>pear to be 
of relatively modern origin. In early days they were chiefly 
obtained from saccharine jui(;es of fruits and trees and from (fin. 
Among rice preparations containing spirit (i) pnnehui, (ii) hundia 
are very well-known. For tlieir preparation rice and bnkhnr or 
rami only are necessary. iV.ny kind of rice is mjed, the hakimr is 
purchased as greyish cubes, balls or simply lumps, d’his first 
conveits the starch into sugar and then to alcohol. The English 
synonym for bakhar is generally accepted as yeast which is scienti- 
fically unsatisfactory as yeasts are those wliich convert invert sugAr 
into alcohol but bakluir is also a saccharifying agent. 

(a) Panchui. 

Jihdt is prepared in such a way that the grain? do imt 
gelatinize or stick together. The fan is* strained out if ne(!essary 
and the bhat is spread on a piece of cloth or on plantain leaves 
for cooling. While it is still warm, i.e., slightly higher than blood 
heat, the bakhar is spread over it and roughly mixed together and 
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stored in a pot. It*is then kept covered in a warm place for 24 hours. 
During this time a considerable part, if not all, of the starch is trans- 
formed into sugar. In certain places it is diluted at this stage 
while in others it is kept as it is and .diluted after five or six days. 
After the fermentation is complete it is sometimes further diluted ; 
then by filtration or by dec.antation clear liquid is obtained for 
drinlcing purposes. The undiluted substance is called pandiui and 
the' diluted one is called rashi but this nomenclature is not general. 

Projierties and Uses. Panchui is in fact a rice beer from which 
pure spirit can also be obtained. It has a pale yellow to brown 
fiolour and a very characteristic acid odoui-. Its alcoholic .strength 
varies from any low figiue to as high as 39 per ceni.. proof spirit, 
whereas in ordinary fermented liquors it scarcely rises above 23 
per cent, pi oof spirit. This is mainly used by lower classes of people 
ivho cannot afford to purchase costly liquor. 

(b) Handia. 

This jjreparation is made and taken by the compara- 
tively poorer classes of dliangars (sweepers), etc. This is 
very similar to 'paitckui and the mode of pi-eparation is also the 
same as that of the latter, excepting that insteatl of freshly boiled 
lice, refuse boiled rice (sometimes even partly decomposed) is some- 
what drietl in the sun and the hulchur subsequently added. 

Although the finished product is relished by its users, yet it 
has much more of the putrid smell than oixlinaiy 'pa«c/w<i, as in the 
former there is a lot of decomposed food matter be, sides the rice. 

' (c) Kanji. 

(it'auskiit — Kanj ik ) . 

This is prepared by steeping 2 seers of powdered aus paddy (an 
early growing variety) in 8 seers of water in a pot which is kept 
covered and buried under earth. It is kept in tlds condition for 
at least 15 days and the clear liquid decanted out. It has an acid 
.taste and- ■odour like acetic acid. Dr. U. C. Dutt in his Materia 
Medica qflhc Hindus, page 12, while describing kanji has not dealt 
with the'cliemical processes of the fermentation of acetic acid, but 
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only staged that sour liquid is produced by the acetous fermentation 
•without any mention as to whether any alcoholic fermentation takes 
place at an intermediate stage. 

Probably its compositior is similar to malt viiiegai-. It is 
directed to be used as a cooling and refrigerent drink in fever. It 
has a soothing effect on burning .skin. It is generally used by 
Kavirajes as a vehicle foj- medicines, 

V. (.'ONCLUSION. 

Tlic jnoper conclusion of such a jiaper would have been remarks 
about the comparative merits of the different prepai'alions, but 
unfortunately no sc.ienlific tlata :ir<* available for tliat. In many 
instances the ])toperties of prejiarations' Jiave boon taken from 
authors of KaNuraji Shastras such as Chakra ami Bhabprakasli. 
There is a correct notion that, the digestive luopcrties of dift’eront 
rices are different, and that an old rice is more easily digested than 
a new one of the same variety. The starch is considerably swelled 
up in hluti, its exact nature is not known. It is highly needful to 
settle the real merit of such preparation as food. Ilegarding the 
variet ies of licc — alo-clml, Huldha-ohnl, m>u'i-clial and diinrc, chemical 
examination could j-eally asco'taiu how far they ai'c diffeient. 

The need for slow heat in cooking has been realizeel in the pre- 
paration of porer bhat, and in producing do)n of jiolntr, el(c For 
these purposes steam-bath could be recommeiuled for convenience 
and perfection. Cooking by steam-liath lias abeady been intro- 
duced by l)j'. I. 31. Alallik wJiosc patent apparatus is called the 
“ Ic-mic cookcj' ” ; to popularize this Dr. (h L. Bose in his boolc 
“ Khadya ” (food-stuff) has amply described its use. By tl'e 
adoption of such a method improved results aj'e expected in cooking 
bhai for infants and invalids and in preparing rich, delicate and 
fanciful pieparations like lliichuri, poliiiv, (itc. 

Among the liquid pieparations from rice nothing is known 
about the chemical constituents of amtni and kaiiji. The pumhii 
and handia are used as spirituous preparations but they contain^ 
extractives, etc., other than alcohol. At present the. spirit obtained 
from rice starch is called dlteno-nKtd (dheno = from, paddy! 
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mad = intoxicant dr intoxicating liquid). If the rice spirk has all 
along been prepared from rice and not from direct paddy then its 
name'niore probably would have been clialo-mid instead of dk&)u>- 
mad. This natiiraUy suggests that prcparatiojs of spirituous liquids 
could be directly started from paddy, eitlici by powdering or by 
macerating and steaming without passing through the intermediate 
process of husking. In that case spirit (;oidd be obtained at a 
much cheaper rate. It is not known whether any attempt has 
been made to prepare spirit from kliai, muri, and chinre. The first 
two are expected to imitate malted beers. The facts in favour of 
the last are that it is of about the same price as its equivalent rice 
and it does not require boiling for softening, simple .steeping being 
sufficient. 




PLATE 



I Fifj. 2. Harrow reversed for taking off the field. 
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A TliIANGUI.AR HaBROW ROB WhKAT. TllC IlillJOwillg of 
young wheat has engaged attention at Lyallpur since IDIOwIien 
Milligan tried the Parmiter CJiain Harrows here. Some benefit was 
immediately observable in that tlie wlieat tillered bettor and 
beciame more robust after harrowing. Less danger of wJiite ants 
attacking the crop was also observable as the latter do not relish 
vigorous growing plants. Later in 1911 and 1912 some Chain 
Harrows were tried by zemindars here and also* in G urdaspiir. 
While a<ltuittedly some benefit was obtaiired the i)rice of the 
Harrow, viz.; its. 95 at Lyallpur was a great deterrcjit to its 
extended use. It was found also that though good results were 
obtained on light land and on all land before the first irrigation or 
“ kor,'’ the Chain Harjow was not sufficiently strong to break the 
crust aftej- irrigation. In the last two years we have used the Lever 
Harrow here, this having given good results with Howard in Bihar. 
This harrow did better work than the Chain Harrow, and owing to 
the possibility of adjusting the tines to slope slightly backwards 
or forwards was better able to tackle wheat during “ kor ’’ {i.e.* 
before the first watering) than the Chain Harrow. It was found, 
however, tliat even with two harrowings very little cffe<;t was 
obtained generally on irrigated wheat. Besides, the price which in 
Lyallpur was Rs. 37 was somewhat heavy, especially as these 
hanows are of special use only for tl^is oife operation. Pour acres 
a day can be harrowed once with the Lever Harrow as compared 
to seven or eight with the Chain Harrow. It was felt, therefore, ’ 
that the problem, being an economic one, a cheaper; harrow 
• ( 199 ) 
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had to be evolved. The best design for this purpose proved 
to be an adaptation of the Triangular Harrow first seen by 
the writer at Coimbatore in 1913. Borne of its advantages are 
described by Sampson in the AgriciUtmal Joimtal of India, Vol. 
Ill, Part I, January 1908. 

Tlie type finally adopted here this last autumn and which has 
done excpllent work is shown in Plate IV. 

. The following points about it may be noted : — 

(1) It can be made by local carpenters in the villages. The 

cost' is Rs. 6 at Lyallpur. 

(2) The tines elope slightly backwards ; about 12° is ample. 

(3) The weight for young wheat sliould not bo more than 

30 seers. 

(4) After first irrigation the harrowing is raoie severe and 

extra weight should be added. Twenty .seers is 
generally added here. 

(5) The tines are specially hardened by the native process 

kfiown as " Pan.” 

(0) The tines should be pointed and should be tapering in 
the part passing through the wooden frame. 
If this is not done, the pegs are apt to get 
loose in the wood {sec Uiagrain)- 
They aie secured from falling out liy a j>in 
at A. 

(7) The harrow ha.s only 17 tines as compared to 
30 in the Lever Harrow and thus deeper 
harrowing is possible aiul very often one 

V harrowing suffices in place of two with the 

Lever Hajxow. 

(8) Four acres a day can be harrowed once with it. 

(9) For taking the harrow off the field, it is only netjessary 
to rcvei'se it when it travels on the rests at the three 


corners. 


It .was" found that wheat could be harrowed at any stage up to 
8" high with these harrows without doing appreciable damage and 
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with veij good effect on the general health of the crop. This 
harrow can also bo used for gram with beneficial results. 

[W. llOBERTS. 1 

* * 

* 

Teff Grass. — In the Cawnpore Farm Reports for 1914 and 
1915 figures are given for the yields obtained with *'i’efi gi'ass 
( Eragrodis ahyssinica) when grown as a cold weather irrigati'd fodder 
crop. It is shown that in favom’able ciren instances a yicld'of 
approximately Ij tons of hay of good quality, (P' 5 — G tons green 
fodder (am be obtained between December and May at a time Avhen 
green fodders are frequently scarce. Teff grass is a quick growing 
crop and is, therefore, of great use in irrigated tracts, when there is 
any shoitage of ftKlder. Sown at the beginning of December, it 
yields its first (and heaviest) cutting about the middle of March and 
a subsequent cutting at the lieginning of the hot weather. Experi- 
mental work with this crop is still going on, but it has been 
found desirable to publish the present note as some (confusion has 
already arisen lictween the difTerent varieties. 

The Kew Bulletin of Miscellaneous Inf ormition, !No. 1 of 1913. 
contains an article on Teff by ^Ir. Burtt-Dayy, Government Botanist 
1.1 the Union of South Africa. Describing the progress which has 
been made with Teff in Natal and the Transvaal, incidental refereiu^e 
is made to previous trials in India, notably by Duthie at Saharanpur 
in 1888, The results given by Duthie were ])rqmising, but no 
fiuther progress appears to have been made ; 2>robably foj' the 
reason that the. Teff was tried as a hot weather and rains cioj) and 
possibly also because the wrong variety was obtained. Two varieties 
of Toff have been tried at Cawnpore, %nz., Teff Tseddiu, obtained 
from South Africa, and Tef) Hagaiz, obtained through the kindness 
of the Director of Kew. A third variety known as Nach Teff appears 
to exist in Abyssinia, but up to the present the writei' has been 
unsuccessful in attempts to obtain seed. 

Of the two varieties tested at Cawnporfe Teff Hagaiz proved to 
be useless. It is a variety with a long growing period and failed 
when grown in the cold weather. Sown in the rains, it took over 
four months to mature and the yield was not good enough to 
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jilstify its cultivation in place of such excellent fodd^ as ^oidinary 
§uar. - '.’.W ' 

Te^ TseddM, on the other hand, as already mentioned, gave 
very promising results when sown as an irrigated cold-weather 
fodder. Seed of this variety is obtainable from the Agricultural 
Supply Asaociation, Joh.annesburg, who were recommended to us 
by the Union Department of Agriculture. 

, As regards cultivation, Teff grass is suitable for light and medium 
soils. The South African Department rec’oramend sowing it with 
a grass drill at the rate of 5 to 7 lb. per acre. At Cawnpore, on 
land irrigated prior to ploughing, TefF germinated well when sown 
broadcast at 7 lb. per acre and lightly harrowed iii. It is desirable 
to mix the seed with satitl or dry earth to faciliv c even distribution . 
Imported Teff seed is expensive, but good seed is easily saved at 
Cawnpore. Up to the prehc?it seed lias been i alcen from the second 
cutting only ; this was not so bold as the imjiorted seed, but 
germinated well in the following year and gave a satisfait-ory crop. 

An analysis of Teff hay, kindly furnished by Mr. Clarke, Agri- 
cultural Chemist, ATnited Provinces, is inserted foi- comyiarison with 
the Transvaal analysis. 
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• [B. C. Burt.] 

* * 

* 

I We have received from Mr. H. A. Casson, c.i.e., i.c..s.. Com- 
missioner, Lahore, for publication the following description of a 
thresher used in Turkey* in Asia which was supplied to him by the 
Rev. A. E. Harper of Sharakpur. 

Pl}),te;V shows the thresher at work. Flint stones with sharp 
edges are fixed on the bottom of the implement, one stone for 
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every two square inches and each stone about one inch square 
aud -^tlf inch thick in centre. The two diagrams below indicate 
different parts, in detail. The implement is in common use in 
Turkey in Asia and is considered very efficient. In India iron can 
be substituted for flint. 



Scale. 1 inch=:l foot. 
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Partial Sterilization of the Soil. A Common Practice 
IN THE Shan States. Wliilst. the work of Russell, PetheVbridge.. 
Hutchinson and Pickering {Journal, oj Agricultural Science) has 
lately proved the value of partial sterilization of the soil by heat 
and opened the way to further ihvestigation of its effect.s, a 
process of • soil heating exists as an old established practic-e 
throughout the Shan States and is considered indispensable to 
(ilnjost all forms of dry-crop cultivation. 

Apart from “ Taiingya ” cultivation, which no doubt owes a 
very great deal of its success to the sterilization which re.sult8 from 
the burning of the dried jungle growth outlie surface of the soil 
before any cultivation takes place, the cultivator of the Shan States 
assiduously sterilizes his soil for almo.st every crop which he put,^ 
down, but more particularly for hill paddy and for potatoes. 

It has been the practice for ages on the extensive red loanrs or 
(da)’-loams — which are derived from the limestone, and with which 
the greater part of the cultivable country is covered— to collect 
the surface soil* into small mounds and to subject it to heat before 
the crop is plauted. The proce,ss is going on over large areas 
throughout the whole of the dry weather. 

The surface soil is fust loosened to a depth of 2 or 3 inches 
(seldom more, often less) with a plough drawn by a single buffalo 
or sometimes by manual labour with a form of hand hoe. The 
dry lumps are then broken up by l)eating with a mallet or by 
the hoe and the soil ]ndverization completed ))v further hoeing. 
The loose .soil is then heaped up into small low mounds with 
crater-like centres — one mound appearing about every 4 feet each 
way. 

The dried vegetation collected on the same land is placed in 
the “ crater " of the heap, but vegetation is extremely .s<!anty and 
the principal fuel use«l is dried cattle dung of which a small lump 
is placed in the centre of each mound. Villages, roads, caravan 
camping-grounds and ev.en the wide pasture lands arc scoured for 
cattle droppiirgs which are carefully collected, (sarried to the fields 
(usually ip- baskets slung on a yoke over the shoulder) and dried 
for use in this operation. 



NOTES 


205 


Wliei) burning is in progress the fuel is allowed to smoulder 
•'only and the heaps (of which only a very few are started at the same 
time) are carefully tended and heaped up so that a maximum of 
soil may be subjected to the beat. The fuel continues to smoulder 
for a long, time during which the surrounding soil is continually 
being pulled up on to the top of the heap. On completion the centre 
of the mound has the appearance of burnt, broken brick. It is 
surprising what a large amount of soil may .be heated in this ^ay 
with a small amount of fuel and what a large area a single mUtivator 
and his family are able to prej>are. 

If the land be for ])addy, after cooling, the heaps arc 8]jread by 
means of the hoe over the suHace of the land, bub if inteniled for 
potatoes the “ sets ” are planted in the mounds — three or four 
small ones in each. 

The cultivator believes the process to be essenl ial to the success 
of his e.Top, and there is little doubt that by far the greater part of 
any benefit derived therefrom is due to the heating of the soil, 
for the amount of manure ashes added is so small as to be almost 

insignificant. — [E. Thompstone.] 

* * 

Jfc 

The supply op Agbicultueal Implements by Oo-opebativi 
Societies, -dreat <l(‘velopments have recently taken place in 
England and Ireland in the establishment of co-operative societies for 
the sup})ly of agiicnltural implements and in maiiy cases societies 
have been formed esf)eoially foi’ this purpose. The system adopted 
has been for the society t o buy from its (iapital certain implements 
required by mcndiers and to lend these to menibers on hire. The 
rates of hire have been fixed high enough to give an {ippreciablfi 
profit and to enable the cost of the implements to be quickly 
recovered, the receipts so obtained being credited to a general fund 
mth which further implements are purchased as soon as possible. 
In this way after a few years’ working, several of these societies 
have found themselves in possession of a 'considerable number of 
improved implements. And the scheme has not only worked 
successfully from a financial point of view, but has been* of the 
greatest assistance to members, cither by allowing them Jbo bring 

14 
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iRTger areas of law! under valuable crops, or by enabling ^them to 
effect economy in labour. 

Agricultural implements may be roughly divided into two 
classes : those which are merely labour-saving and those which 
enable cultivation to be carried out more effectively than previously. 
There is, hbwever, no strict line of demarcation between the two 
classes as many labour-saving appliances permit of better cultivation 
by> enabling operations to be carried out at the most suitable 
times. 

With small holtlings? which are the rule in this province, the 
demand for expensive labour-saving appliances is necessarily small, 
but even so, there is a steady demand for such implements as chaff- 
cutters and improved water-lifts, while there is a larger demand for 
inexpensive ploughs and cultivating implements which enable 
cultivation to be carried out more thoroughly than with any indi- 
genous implements. It is obvious that even when freed from debt 
and placed in a comparatively sound financial position, there are 
many of these'implements which it would hardly pay an individual 
cultivator to purchase for liimself as he would not use them suffi- 
ciently often to justify their ])urchasc. On the other hand, there 
are few village banks which would not benefit by tbe co-operative 
ownership of a number of improved implements. 

In the past the Agricidtural Department has placed small stocks 
of certain implements at the disposal of central banks for the use 
of their members. These implements have in some cases been sold 
direct or given on hire, or in other cases have been sold to members 
on the instalment payment system. In this way no insignificant 
‘number of the cheaper implements, such as Meston ploughs, 
have been introduc-ed. The an-angeinent, however, is essentially 
a temporary one made for demonstration purposes and is one which 
cannot be indefinitely extended. It is now suggested that certain 
banks might go a step further and purchase small stocks of 
implements for the usef of their members as well as maintaining a 
small stock for sale to those members who can afford to buy 
them.. Amongst implements which members might eventually own 
individually, we may mention such inexpensive implements, as the 
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MestoE- plough, but there are far more examples of implements of 
•* which one or two would be sufficient for the whole of the village, and 
which might be given by the village society to its members on hire. 

The best example is probably afforded by sugarcane mills and 
igrMr-boiling pans. That there is considerable profit in this business 
is evidenced by the fact that throughout this province small agencies 
are found where iron sugarcane mills are given on hire with or 
without a karluw. The hire charged varies very much, depending 
partly on the initial price of the mill and partly on the local demand, 
but it is no uncommon thing to find petty contractors charging as 
much as Rs. 25 per season for the hire of a sugarcane mill, while in 
some cases as much as Rs. 40 has been charged. Jn otlier villages 
wliere mills are given on hire by local nien it is frequently the custom 
to charge Rs. 6 per acre of sugarcane crushed as hire for the holhu, 
sometimes witli and sometimes without the harhao. Considering 
that a veiy good three-roller mill can be obtained for about Rs. 86, 
which will last for at least ten years with care, it Js obvioius thai 
there are considerable profits to be made. Many of the mills given 
on hire in the bazaai’ are inefficient and cause a loss varying from 
one-fifth to oiie-thiiil of tjie extractable juice. Such mills can be 
purchased for Rs. 25 lo Rs. 30, but a little consideration will sho\. 
that, apart from the fa(!t that they frequently get out of repair, 
a mill of this kind is dear at any price. It woidd be quite a feasible 
projiosition foi' a central bank to own (say) 20 firstrclass three-roller 
sugar(!ane mills and to give tliese on hire to village societh's for the 
use of their members. The c.eutral bank would generally be in a 
position lo make arrangements for the annual overhauling of the 
mills and the re-tuiming and re-grooving of the rollers ; but should 
any difficulty arise the Agricultural 'iJepartineut could assist them 
in this matte]'. It would also be necessary for the central bank to 
maintain a small stock of spare parts, so that mills might be kept 
in order, and it would also be desirable that they should keep during 
the crushing season an ordinary mistri, who could go round and see 
that the mills were kept in adjustment and were not being mishandled. . 

Another agricultural implement, in this case really labour- 
saving, which has caught on throughout the province is the chaff- 
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cutter, but here again it is obvious that only a man possessing five 
or six pairs of cattle can make it worth while to own one himself 
and most of the chaff-cutters sold through the Agricultural Depart- 
ment are being supplied to cultivating zemindars, many of whom 
also give facilities for their use to their cultivators. A chaff-cutter 
costing from Rs. 40 to Rs. 50 is capable of cutting sufficient fodder for 
15 to 20 Jiairs of cattle ; it is obvious, therefore, that one or two 
chaff-cutters would meet the requirements of a single village society. 
It should not be beyond the powers of a flourishing village society to 
work out a hire scheme, by which a jointly-owned chaff-cutter 
could be used by all the members. Assuming a society to consist 
of 20 members each owning a pair of bullocks, a fee of annas four per 
month throughout the year would more than pay for the chaff- 
cutter in a single year, whilst a fee of annas four per month restricted 
to the chari and karhi season would enable the chatf-cutter to be paid 
for in two years and would leave a handsome margin for the provision 
of new knives when required and to meet ant’^ repaiis necessary. 

As a third example may be quoted the case of s])ecial ploughs. 
It has already been suggested that the ordinary Meslon plough is 
sufficiently cheap to enable individtial members to own it, though 
there will be no objection to a few such ploughs also being jointly 
owned by small village societies, where tlie holdings are small. In 
the case of larger ploughs and special purpose ploughs, for details 
of which, reference may be made to the pamphlet on ploughs and 
ploughing, published by the Department of Agricultiu-e, United 
Provinces, one or two ploughs would probably be sufficient for a 
village bank. These ploughs vary in price from Rs. 25 to Rs. 50 
and, as in the case of the chaff-cutter, a very modest rate of hire 
would soon bring in enough money to pay for the plough. In 
certain districts, for example, large ploughs are required for plough- 
ing out deep-rooted weeds, such as baimura and kans. Experiment 
has shown that if these weeds can once be got under by thorough 
ploughing, their complete eradication is merely a matter of tim^ 
and patience, but ordinary cultivators do not possess the means 
of deep 'ploughing and their only alternative is the very expen- 
sive process of digging by hand. With one large plough in a 
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village, owned co-operatively, small areas could be done each year 
mntil tEe pest was eradicated, whilst in the case of ploughs 
requiring more than one pair of bullocks the co-operative ownership 
of the plough would stimulate members to help each other by the 
loan of bullocks in turn. Another plough may be mentioned^ 
which although not heavy to work it, is expensive to buw^ viz., the 
steel-bar-point plough (Pathartor or Sabul plough), which can be 
used for breaking up hard land without irrigation. By using sy.ch 
ploughs it is possible, even when there is no rain, to plough 
cotton and junr stubbles during the cold weather, thus improving 
the )deld in the rubsequent year and doing much to eradicate insect 
pest-s. It would bo easy to multiply instances of improved agri- 
cultural iinplementa which might be owned co-operatively. A now 
list of implements with prhies has been published by the Agricultural 
Depaitinerit, United Provinces, and it is for co-oj)crative banks to 
select those which nuud' their requirements. The object of the 
present pa])oi’ is to point out the great possibilities the co-operative 
ownership of impIome,nl.s opens up. • 

In conclusion, stress may once more be laid on the principle 
whicli was etmnciated in connection with the establishment of 
co-operative seed stores, viz., that all such transactions must 
have a cash basis, and furflier that members obtaining seed or 
implements from cilhor a village society ot‘ a central bank must be 
just as prompt in ])ayjnont of their dues — whether for price or for 
hire — as in the repayment of (sash loans. This has not always 
been understood in the past where the Agricultural Department 
has supplied se(!d or implements to (jcntral banks for the benefit of 
the constituent societies. Any slackneas in tlfis respect is opposed 
to the fimdamentiil principles of co-operation, and it is, therefore, 
necessary that managers and sarimmhes should insist on the same 
scrupulous care in the repayment of money due for seeds or 
implements as in the case of cash loans. It is also desirable that 
central banks should adequately realize. their responsibilities in 
such matters. — [B. 0. Bust.] 

Note . — This paper was originally read in vernacular at the* 
Co-operative Conference held at Lucknow in February 1916. It is 
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somewhat of local interest, but it was impossible to remedy this 
without recasting the whole paper. It is, however, published here • 
in the hope that it may prove of some utility to workers in the 
same field in other provinces. 

* 

# * 

Salb qb Manures by To-operative Societies.* — -The extent 
to which the use of certain manures, chiefly cakes, such as castor 
oakf and nirn cake, is growing in those parts of the provinces where 
intensive cultivation is carried on, is not fully realized. For 
instance, castor cake is very widely .iscd for polato-growing round 
Fatehgarh and is gradually extending beyond the borders of the 
Cawnpore District. In parts of ihe Meerut Dist rict »iimand caslor 
cake are ])o|'ular for poiato-grow ing and for chewing-cane. Dnc 
(uiltivator, in Ihe latter area, informed the writer that he had spem- 
about lls. 50 on manuring his cane field with castor cake, and he 
found that it amply paid him to do so. Intensive cultivation for the 
production of vegetables, etc., is spreading round the large towns 
and would umlotibtedly increase more rapidly but. for the difficulty 
in procuring manures, without, which it. cannot be carried on. Rome 
of th(‘ large towns, such as Cawnpore and Benares, dispose of their 
sewage by putting it into the nearest river; wh'lo in many of the 
smaller towns little use is made of the available su])ply, owing to 
objections in handling it. The market for the sale of manurial 
(!akes, su(di as those mentioned above, is at present very imperfectly 
organized ; prices fluctuate largely and sometimes it is by no means 
easy to procure them at all. Much of tJic castoi- cake pressed in these 
provinces is under normal trade conditions exported ; though judg- 
ing from the quoted prices, there is very little, if any, more profit to 
be obtained from the export than fiom internal trade. The crushing 
of nitn for oil seems to be almost entirely a village industry and, 
while the cake is cheap in some parts of the provinces, it is almost 
unprocurable in others. The Agricultural Department, though 
willing to pay good prices lor these cakes for sugarcane grotving, 
often find it difficult to buy them, owing to the lack of organization 

• A •paxfer imd at Iho Provincial Co-operative Conference held at Lucknow in 
February 
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in the yiarket. Looking to the small quantities, of poudrette pro- 
.‘curable and the objections that many cixltivators have to using it, 
these cakes seem to offer one of the best forms of manure for common 
use- They possess in varying degrees the valuable constituent of 
nitrogen, which is mainly required in the soils of these provinces, 
and they are far cheaper than what are ordinarily knowd as artificial 
fertilizers. An attempt is also being made to popularize the use 
of these cakeo :i(!'u anothei’ point of view. There is a very large 
export trade in oil-seeds from these provinces, and there is jmmd 
f(tcie no reason why some portio.n should not be (u’ushcd in these 
provinces and a valuable industry thereby opened up. Many of 
these oil-cakes forr’" valuable feeding stuff for cattle, while some, 
such as inohiva o,,ke, should be useful for manure. The dilfioulty 
howcv<>r bi starting s,i<;ii industry has hitherto been the absoiuic of 
.i regular markei tor ihc cake, without which it- does not pay to 
crush. A gra^'^ ; as recently been made by Government for 
popularizing tlic usv. of these cakes and t,he greater part of the grant 
is being devoted to putting out mannrial cakes, principally mohwa, 
the use of which is little known in these provinces. In some 
instances the cake is being distributed through co-operative 
societies to tlicir members. If it is appreciated, the foundation 
should be laid for a regular sale of this cake, which is now 
procurable in fairly large quantities, to cultivators. This will serve 
the two-fold purpose of establishing an industry and providing a 
means for improving the cultivators’ crops. The need for some 
regular supply association for the provision of These mamirial cakes 
has already been pointed out. If, as is to be sincerely hoped, their 
use becomes more common, the co-operative societies could veiy 
well undertake their sale. In Europe the supply of manures is one 
of the largest business of the agricultural co-operative societies, and 
it is a very profitable one to the societies. There is a wide margin 
between wholesale and retail rates, and the manufacturer is generally 
w illing to sell cheaper in large quantities.* It may be mentioned 
that a firm engaged in oil crushing in these provinces offered to sell 
mohwa cake at annas per maund, instead of 4 annas, jf taken in ’ 
quantities of over 10,000 mauuds. This would permit the society 
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to sell below market rates and still retain a handsome pro^t. In 
other parts of India rather more progress seems to have been made, 
At the last meeting of the Board of Agriculture it was stated that 
" In the ease of manure societies, a notable success has boon achieved 
at Kelva Malum near Bombay wliere in a tract of very, inten- 
sive culture,* with a large demand for castor cake, the first year’s 
operations, on the basis of a co-operative capital of Ks. 7,600, 
a pijofit of 25 per cent, has been secured and the cake sold below the 
markel rate. It has secured aI‘;’o that tlie market rate has been 
much lower than it would have CMienvise been. In this case the 
co-operators were almost cxclie'ively the gardeners themselves, but 
the management was in the hands a keen local man, not however 
a gardener. A larger manure supply society has recently been pro- 
moted in one of the sugarcane tracts in the Deccan, with a capital 
of lls. 20,000. It has succeeded in (oming out satisfactoiily from 
the first year’s trading, tliougli tliere will be no large actual profit, 
but it has caused the price of lish-manuiv (in whi(;h it dealt) not to 
rise as was invatiably the case in foi-iner years. The lesult of its 
experience is to indicate that such a society is best run when the 
shareholders are co-operative credit sociisties who ( an buy for the 
benefit of their members rather than individual cultivators.” 

If, as may be hoped will be the case, the steps taken this year 
lead to a more gimeral demand for cake For manurial purposes, some 
of the co-operative societies working in trac-ts wheje. intensive culti- 
vation prevails I'night Find it worth their wliile lo start on this 
business. They can lie assured of every assistance from the Depart- 
ment, and most probably they will Find the larger manufacturer 
apxious to meel. theirf half-way in the matter oI prues. It need 
8(!arcely be said that no suc.h sl.c]) is to be recommended, unless a 
good sale is practically assured ; but, wheie potato-growing is already 
well established, the market e.Kists on a (;ousid(!rable scale and 
will probably rapidly expand. I n such areas a special society for the 
provision of manures miglit prove feasible, and is likely to prove a 
boon to the cultivators. The writer has conversed with some of 
the cultivators in t}\e Oawnpore District and finds that the potato 
trade is growing, and there is a big export business to other parts 
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of the provinces. Some arc able to obtain vill^e refuse for their 
•fields ; but a considerable number use castor or nim cake. These 
cakes are also occasionally used for tobacco-growing ; but as a rule 
this crop is only growm on the fields immediately adjoining the 
village site. In time it may be hoped that our cultivators will 
follow the example of those of Bombay and liberally*manure the 
sugarcane gro’* ti for the manufacture of gur. At the present prices 
of gur it woun i ,ui'ply pay them to do so. , 

Apart from the areas which specialize in garden crops, open- 
ings for the sale of manures may be anticipated in another 
direction. When tJie societies which have already been formed 
to supply water to tUeir members begin to work, the writer feels 
assured that a dr.nand for manures will spriiig up. The immediate 
result of a regulaj- supply of w'ater— at times when it is 
wanted — is the i.utting down of a bettei- class of crops, and the 
gi'OAving of special (u-ops, 8U(;h as chewing-cane, vegetables, etc 
These lequire manure and it is very soon found that it pays to apply 
it. In one district, ariangements are being made* for the sowing 
of c.astor as a bonier crop in order to provide a regular supply o' 
cake. It is believe u that in a few years’ time those societies which 
can supjdy water will find themselves called upon to supply 
manure also ; and that t hey will find it a profitable business with 
.small risks. — [11. R. C. Hailey.] 

# # 

* 

The 31atehial Basis of f’o-oi'ERATivE (Iredit.* — The credit 
of any individual jierson rests paiily upon tlic amount and value 
of his property, and partly upon his charaetpr and reputation for 
sucjciess or failure in his agricultural or business undertakings. His 
credit, we may say, can rest either upon a material basis or upon 
a fxtrsonal basis. It is the essence of the co-operative credit 
movement that by incoiyioration witli joint unlimited liability 
the personal credit of a group of persons becomes very greatly 
strengthened. This outstanding fact does not, however, diminiah 

• A paper rtfad at the Pnfvincinl Co-operatirt' Conferenoo hold Lucknow in 
February 191B. 
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the need or advantage of developing credit with a material basis, i.e . , 
credit based on the property of the borrowers, as an additional 
support. 

Personal credit must always be somewhat weak, even when it 
is joint among thirty or more members, especially in India. The 
danger ariset from the fact that a widespread natural calamity, 
such as drought or flood, can affect simultaneously in a similar 
way^at the same time all members of a society. At such times of 
trial societies arc liable to break up through dissensions. Hence 
it is to the interest of every member not only to strengthen his own 
material credil., but also to see that other members strengthen 
theirs. 

The building up of material ci-edit must necessarily be a slow 
process. It is to be done by accumulating productive property — 
land, cattle, good ploughs, carts, and other tools and implements, 
and by improving the land with drainage or fencing, or sometimes 
with silos, grain pits or pwm buildings for co-operative or individual 
purposes. Another very important way of increasing material 
credit is by improving the methods of cultivation, for the cultivator 
is thus assured of protlucing a larger income and he obtains a larger 
margin over his bare expenses of living. It is of most vital import- 
ance that every member should see that every other member is 
carrying out his cultivation properly and is marketing by the most 
economical methoiLs. Every member should learn to say to him- 
self: — “My fellow-member’s profit is my own safety.” 

Not only farm implements, buildings and better cultivation, 
hut also immaterial property rights, such as good and long leases, 
or .possession of occupancy lights, are important bases of security ; 
and every society should do its utmost both to protect its members 
in the continued enjoyment of such rights, and to secure new rights 
for them whenever possible. Except when tlie past record of a 
zemindar gives a practical guarantee against unreasonable disturb- 
ance, the policy followed, by some societies which consist, almost 
wholly of members possessing occupancy rights, of restricting the 
admission of new piembers to candidates possessing occupancy 
rights would seem to be sound. This policy should certainly not 
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be discouraged even though it may lead to individual cases of 
’ hardship amongst cultivators unable to acquire occupancy rights. 

Although rights of tenure are of great importance as a basis 
of credit, at the present time the main basis of improved credit of 
rural societies must be the adoption of bettei* methods of cultiva- 
tion and the accumulation of property. Some of tfic property, 
such as ploughs and the smaller implements, must be owned indivi- 
dually ; l)'.Lt many things, such as seed stores, oxen, machines, grain 
or silage pits, wells, and so forth, should be co-operatively owned, 
that is to say, they should belong to the society and the oxen fwid 
machines should be hired oiU according to a pre-airanged plan. The 
question may well be asked whether some part of the reserve funds — 
not. the whole- might not with propriety and ad\'anl.agc be invested 
in durable machines ;.r in iFtiprovements of a )a.sting (diai actor, such 
as wells, irrigat i- n channels, grain pits, drainage works, femiing and 
so forth whcre\’er security of tenure for such works can lie 
obtained from the zemindar. 

If the three means of increasing material credit, be steadfastly 
pursued— that is to say : better cultivation, accumulation of pro- 
ductive property, a.id acquisition of tenane.y or proprietary rights— 
the credit of co-operative societies will be so greatly increased that 
it will be possible considerably to reduce the rates of interest at 
which cultivators borrow from societies. By taking the necessary 
steps to imu-ease their material credit they will have lear-nt to value 
capital propci’ty, for they will know its productive capacity. Having 
larger- iiKtomcs, and being able to borrow at lower rates, they will be 
able to borrow much larger siuns to be applied in still fiirtlrer 
improving their- methods of cultivation aruf the area ciiltivate.d. 
'Chus there may be gradually brought about, through taking proper- 
steps to inci-ease the mat.erial basis of co-operat ive ci-edit, a general 
raising of the standard of life of all members of the societies. — 
[H. Stanley Jbvon.s.] 
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Preliminary Note on Sheep-breeding Experiments by the Civil Veterinary 
Department, United Provinces. -By E. W. Oliver, M. U. C. V. S., 

F. Z. S., Superintendent, Civil Veterinary Department, 
United Provinces. Printed at the Anglo-Oriental Press, 
Lucknow, 1915. 

This pamphlet briefly describes tlie sheep-breeding experiments 
at present in progress in the United Provinces. Attempts were 
made in India fiom time to time since 1825 to imjnove tlie breeds 
of Indian sheep, but they met with little success mainly on account 
of two reasons, viz.^ absence of any sound, scientific, or systematic 
basis afid want of continuity in opejatiojis. No regai-d was paid 
to the choice of localities and tlio metlimls of breeding, resulting 
generally in the ultimate return of the features of the progeny to 
those of the prepotent indigenous parent. It seems to have l)een 
tliought sufficient to merely imjiort rams of a famous breed, witliout 
regard to dissimilarity of the pasturage, watei*, climate, and other 
conditions in India to that of their natural home and little or no 
attention seems to liaVe been paid to the jjiost important point of 
all, viz.y the selection and suitability of tlie indigenous ewes and the 
intelligent mating of the progeny. 

The Civil Veterinary Department, United Provinces, scuiously 
took up the subject of sheep-breeding in 1912. Several Australian 
sheep raisers as well as wool experts Avere consulted with a view 
to obtain the soundest information and help in tlie matter. After 
taking a survey of the present sheep-breeding tracts of the province, 
experimental work has been started at ten centres. One of the main 
objects of these experimentB is to evolve and fix a breed of sheep 
of superior wool-growing and flesh-forming capacity which would 
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eventiially breed true to type aud at the sajne time be able to 
withstand the vicissitudes of Indian climate and other adverse 
conditions.” A system of grading up from carefully selected indi- 
genous ewes by crossing them with rams of superior wool-producing 
breeds was considered the soundest plan to follow. With this 
end in view indigenous ewes were crossed w*5th specially 
imported New Zealand Merinos and a few' of the Riverina 
rams. . 

Having obtained half-brcda the following experiments are now' 
in progress : — 

(а) Crossing the half-bred Merino ew'e w'ith pure Merino 

ram. 

(б) Mating half-bred Merino rams and ewes together 

(unrelated strains). 

(c) Crossing Ihe native ewes with half-bred Merino rams. 

It is from (a) and (b) that the best results are anticipated. 

The results so far obtained are satisfactor}'. The half-bred 
Merinos yield 5 to Gib. of wool per animal per year, w'hereas I he 
yield of the native sheep of the province rarely reaches 2lb. Tlie 
former has also been highly spoken of by wool experts and ’he 
Cawnpore Woollen Mills purchased it at 8 annas pcj' lb. when the 
country wool fetched only 4 annas per lb. The author recommends 
that shearing should take place twice in a year, m'z., in March and 
September, and deprecates the practice of tlu-ee sliearings at present 
in vogue in the province. As a result of experiments it has been 
found by the author that in India also, judicious and periodical 
dipping of sheep is very beneficial to the fleece as well as to •the 
general health of the animal. Among the difficulties attending 
sheep-breeding experiments on improved lines are the somewhat 
large mortality of the imported stock owing to the extreme change 
of climate, the prevalence of epizootics and parasitic diseases. Even 
the indigenous sheep are not altogether immune to these scourges. 
It is hoped, however, that the graded up progeny mil acquire from’ 
the native parent or grand-parent a degree of irnmnnity to the 
effects of climate and to certain of the most dangerous sheep diseases. 
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The proper handliog of sheep and wool including careful methods 
of shearing, dipping, and packing of fleeces, etc., is practically 
unknown to Indian shepherds. The appointment of a young 
Australian who has had a thorough experience of this work is 
therefore recommended. 

The experiments are full of promise and we await the further 
results with interest. — [Editor]. 

S|C 

♦ # 

Mysore Agricultural Calendar, 1916. - Published by the Department 

of Agriculture, Mysore. Government Press. Bangalore. 

Price 1 anna. 

This Calendar seems to have been prepared on the lines of the 
Madras AgriciUtural Calendar. It opens with a short account of the 
progi’ess made by the Agricultural Department, Mysore, during the 
year 1916, in which the point most dc.sei ving notice is the inaugura- 
tion from the beginning of the current year, of the system of selling 
improved implements to ryots on an easy instalment system of 
payment. As this is an interesting experiment sonn; of the conditions 
under which this system is woiked are heie given for the information 
of the readers of this Journal. Tlie value of implements sold to any 
one ryot or hindholder under these rules and out.standing against 
him at any one time is not to exceed Bs. 2,0t)0, the rate of interest 
charged being 5 per cent, per annum. An agreement in (lie 
prescribed form has to be executed ami a deposit of one-fourth of the 
value of the implements to be made before t he sujrply is sanctioired. 
Tile period of payment of in.stalrnents is fixed at three years in 
the case of implements cost ing Rs. 100 or- less and five years in all 
other cases. Ail sums falling due under these r ules are recoverable 
as arrears of land revenue, a stipulation to this effect being inser-ted 
in every agreement executed by the hirer. Besides the ordinary 
calendar, monthly notes containirrg useful hints to cultivators are 
given below the calendar for each month. It also contains small 
articles on ^(1) the.. New Bar-Share plough ; (2) Potato Cultivation ; 
(3) Smut on Jola {Androjjogon Hwginm ) ; (4) Kondali Hula {Ophiusa 
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mdieer^) on Castor ; (6) Co-operative Credit jn Mysore ; (6) The 
Bice-case Worm ; (7) Foot and Mouth Disease ; (8) Cattle Manure : 
How best to collect and conserve it ; and (9) Manuring of Sugarcane. 
In short, it may be said that the present Calendar and the one for 
the previous year contain much useful information, and as these 
are also published in the vernacular, information giveh therein will 
not fail to reach those for whom it is intended and this will no doubt 
consideiably f;;oilitate the work of the Department. — [Ejditor]. 
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AGRICULTURAL MUTUAL CREDIT IN ^RANCE 
AND THE WAR. 

• 

[ Wk extract the following from an article by 6. Loii^e in the 
Bulhtin (lea Syndicafs agricoles da Jura. It was these Syndicats 
agricoles that rendered easy the payment of the indemnity in the 
Franco- Prussian war. It is the spirit of these Syndicats agricoles 
that will enable our allies, with us, to win this great world 
war : it is the spirit of these Syndicats agricoles that, after the 
war, will raise a greater, a more prosperous, and a more glorious 
Fi’anoe.- (Editor.)] 

The action of the Regional Bank of Mutual Credit of 
Burgundy and Franolie-C'Omte during the war mayj)e summarned 
as follows At tlie beginning of the war, tlie total deposits tor 
w]ii<di the Regional Bank and the local banks were responsible 
amounted to the sum of two and a half million francs. The deposits 
belonged to about 8,000 individuals, all small capitalists and th"’ fty 
cultivators, wlio, having accumulated a small sum of money by dint 
of toil, w(ue the more liable to the fears tliat might take possession 
of the public at the beginning of hostilities. 

“ These societies found themselves in the^same position as the 
Savings Banks and other institutions of credit that were in direct 
contact with the savings of the people, and Jike these they were 
liable to see their clients insist upon their deposits being refundeif. 

Their situation, however, has been quite different ; no demands 
liave been made for repayment : there was no need for a moratorium. 
They have even received, since the beginning of the war, new deposits 
of the total value of 120,000 francs. 

“In the country districts, the people are only too much inclined 
to believe that debts need not be paid during the war, and one might ^ 
be incKned to predict that the repayment of small debts would be 

C 2aSl ) . 15 
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suspended, the moratorium having, moreover, deferred t^e time 
of their falling due to an undetermined date. 

“ The agricultural credit institutions of Burgundy and Franche- 
Comt6 have upset the least pessimistic forecasts of this kind and 
proved themselves capable of facing the most critical situations. 
In fact, the Regional Bank, seeing that the cultivators were realising 
large sum^’on account of the requisitions and the rise in the prices 
of tjie products of the soil and of cattle, insisted on the local banks 
obtaining at least partial, if not complete, repayment, whenever 
the condition of the borrowers permitted it, without in any way 
involving in difficulties the families of the men mobilised. Since 
the beginning of the war the sum of 434,000 francs has been received 
under the head of repaid loans. 

“ With the deposits entrusted to it, and the repaid loans j>lus 
the. sum standing to its credit with its banker at the beginning of 
the year and which the banker paid into it, the Regional Bank has 
bought over 900,000 francs worth of Treasury bonds.” 



THP" HA.ND-FEEUIx\G AND MANAGEMENT OK 
BUFFALO CALVES AT A DAIRY. • 


BY 

ROBEHT a. ALLAN, M.A., 
Vrincipal, Agricnltnral Nagpur ; 

AND 

J. V. TAKLE, L.Ag., NJ).l)., 
ColUg^ Dairy Nagpur. 


Calf raising, though frequently neglected or carelessly carried 
out, is an important section of dairy management. The im- 
portance of the subject is proportional to the milk capacity of -.hc 
individual buffaloes and c.ows forming the herd ; to the difficulty 
of procuring, by purchase, substitutes in t heir place and to the mocey 
value whic.h is likely to be got for such animals as it is neciessary to 
sell from the herd. Daiiying on modern lines, with due (iare to 
hygienic conditions and purity, cannot be worked at a profit by 
fill ing up a herd with inferior low-yielding animals and by depending 
on the number of animals rather than on* the quality of the 
individual for the necessary bulk of milk. "NVlien^the animals of a dairy 
herd are individually poor there is little scope for or inducement 
to the careful raising of the progeny. On the other hand, good 
milkers are comparatively rare and the present system in many 
dairies of making no real attempt to raise the calves properly 
and of depending on the purchase of milk stock from external sources 
is creating a drain on the supply of good fnilkers (for example the 
Sindhi breed of Karachi aijd the Murrah buffalo of Delhi) and 
raising the price without any adequate effort to repair or ]«p]aoe the* 
loss to which the milk interests of the future are being subjected. 

• ( 223 ) 
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Given that a foundation herd of carefully selected good milkers is 
established, due attention to the raising of the progeny, in 
particular the progeny destined to extend the herd or replace its older 
members, is both desirable and .profitable. A herd which is 
dependent on purchases for extension and replacement can never 
really hope to make that definite improvement in individual 
milk production which is the foundation of profitable dairying. At 
thfe same time the chances of the introduction of disease into the 
herd are much greater in one based on purchase than in one based 
on home breeding and raising. If it is intended that the future 
stock be raised in the dairy, the raising must be carefully done. 
Otherwise the death-rate among the calves will be higli and such 
as come to maturity will fail to maintain the milk producing level 
of their dams. In the writers’ opinion a very fair proportion 
of the blame for the low yield of Indian buffaloes and cows is to 
be attributed to the wretched conditions of food and care under 
which they are raised during the first 7-8 months of their lives, 
as young calves. It is commonly remarked that she-buifuloes 
raised in big dairies have .seldom, if ever, Ihe milk production of 
purchased buffaloes fi’om up-country. This is entirely due to 
the lack of care and sufficient food generally given to calves at 
such centres. In the writers’ opinion and experience, home-raised 
Delhi buffaloes will give an equal or even better production than 
their dams, provided a certain amount of care is given in the earlier 
months of their existence. They can be raised as satisfactorily, 
if not more so, on a diet of separated milk and a proper substitute, 
as when allowed to suckle freely. Indeed in certain cases, calf 
ailnients are traceable to the high fat percetitage and excessive 
richness of the dam’s milk. 

The notes on calf raising which follow arc the result of the 
practice found most satisfactory at the College Experimental Dairy. 
The system of calf raising outlined here is based on the possession 
of a herd of medium' to good milkers and is restricted to such 
of their progeny, essentially the female side, which it is intended 
shall be wed for the replacement or the extension of the existing 
herd or to such as will find a market at a reasonable figure if sold off. 
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The larger majority of the calves handled by the dairy are buffalo. 
The bulfalo calf is an easier animal to separate from its mother and to 
hand- feed and the mother is less influenced by the presence or 
absence of her calf. They are, howevei-, much more delicate than 
cow calves, and unless can is* taken, the moitality may be as high 
as 75 per cejit. Cow calves separated from their mothers can be 
raised by hand with a little patience, though they take to pail-feeding 
more slowly. Usiially, unless the, first calf is separated, the maternal 
Instinct of the mother is so strong as to retider complete separaTion 
of a later calf almost impossible and any attempt to do so produces 
an adverse effect on the dam’s production. Many of the points 
recorded heie are common to both buffalo and cow calves and the 
methods lecommended for raising buffalo calves .are equally 
applicable to cow calves. Since the introduction of these methods 
in the college herd there has been no mortality among buffalo calves 
and only one calf died during the period of about twenty mocths. 

For (‘xperimenta! purposes at the dairy and in order to test 
principles, jdl calves are maintained alike, though, the male buffalo 
(!alf leceives a slightly lower diet. The male btiffalo calf is lu'v/iver 
an animal which it is scarcely w'orth raising on any improved lines 
unless de.stined as a pf>SHible herd sire. Economically, they are 
more profili'.ble if dead than when alive, and an enquiry int'' an_v 
Indian f/aolec’s business will shorv that the death-rate .unong 
buffalo nii'.les is out of a, II juoportion to natura.1 canscs a.nd i^hal 
their natural deliciv.y, i’.s (hey are hardei' to rai.se than femide.s, 
is niiide the most of. 

The Dairy deals in both whole milk .and milk products. A 
fair proportioti of the buffalo milk is .separated. This separated 
milk provides the basis of the young stock feeding, the baIaiT<‘e 
being sold off'. 

Ihe high death-rate among voting calves, in particular buffalo 
calves, arises from one or oftener a combination of the following 
causes : 

(1) Lack of sufficiency, regularity and frequency of feeding, ^ 

(2) Lack of clea?dine.ss. 

* (3) Lack of sufficient, exercise. • . 



220 


AOIBiCCLTCBAL jOHBNAL OF INDIA 


fXl, III. 


(4) Absence^ of care at the time of birth and absence of 
preventive steps against scoui', white scour, worniri 
and bronchial diseases. 

After a few remarks on the condition preceding birth the subject 
of calf raising by hand will be dealt with from these standpoints. 

While in Calf. 

, In tlie large majority of cases the average buffalo remains 
dry for from 2-4 months. In only two cases in the writers’ experience 
has this period been less than one month. The length of time 
for which the buffalo will remain dry is dependent on the breed, 
on the. individual, on the length of time which elapses between 
calving and covering, and on the quality of the fodder .supply. The 
general average amongst the breeds on the college farm is for 
Delhis 10| months in milk, 2 months dry ; Surtis about 12 months 
in milk and 3^-4 months dry ; Local (Decoani) about 9-10 months 
in milk and 4-4| months dry. Thus the nece.ssit.y of forcibly drying off 
so as to permit' of (5 weeks’ rest is so rare as .scarcely to require 
attention. During the earlier part of this pericwl a good supply of 
nutritious fodder is all that is essential. If the fodder is of poor 
quality, as is sometimes the case in the hot weather, a small amount 
of some cheap concentrated food, for instance undecorticated cotton 
cake, can be fed. It is a mistaken policy to underfeed a milker 
during the rest period, more especially if she is a high yielder and it 
the time of rest between drying off and calving is likely to be short. 
Rich food is not necessary — only an ample amount of digestible 
material in the fodder is required. 8uch concentrated food as may 
b^ fed in this period is only to be regarded as making good any 
defects in this respect in the fodder which the owner is forced to 
feed. Some 3-5 weeks before calving is due, there should be a small 
addition given in the form of concentrat.ed. This amount should 
be increased weekly up to calving time, so that she calves on a rising 
state of vigour. The length of this period of concentrated food and 
the amount finally fed in the week previous to parturition are 
dependent on the length of time the animal has been dry or without 
direct concentrated food and the probable milk yield of the buffalo 
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after sl^e has calved. If the animal has been diy for some months 
this period should begin sooner. If the milk yield expected is high 
the increments added each week and the mass total in the last week 
should be greater. The foods available at economic rates in the 
country are variable and so no very definite recipes can be given. 
The following, however, will illustrate this principle* and be the 
first slop towards a libej'al milk supply and a satisfactory calf. 
First week, give Ij lb., second week 2 lb., and then one additional 
pound pel- week up to the fifth week when the diet will be 5 lb. 
The concentrated should consist of a mixture of oil-cake with either 
bran or chuni in about equal parts. The period before parturition 
is an important one — ^perhaps of more impoi-tance from the stand- 
point of the female’s milk yield than from the quality and vigour 
of the calf, unless the female is particularly badly treated at this 
period, which unfortunately ii? too often the case, (leneially 
speaking, the better the feeding of the female, especially if in first 
calf, without extravagance, the better the chance of a virile calf 
and a good milk flow; that is, provided the female inherently 
possesses a good milking tendency. 

Duuino and After Calving. 

At fii-st sight the care and feeding of the female at this }.^riod 
would appear to have but. little ilirecd effect on the calf, specially 
one which is to be hand-fed. There are, howevei-, one or two 
points which must be closely attended to or the result to the calf 
may be fatal. Before partiuition is due, say some 3-4 days, the 
female should be separated from the herd, removed from the common 
stalls and placed in a calving stall, preferably a loose box. In 
the writers’ opinion a room of galvanized iron, with a rernova&lc 
thatch above the iron roof and liaving a stone floor, and fitted with 
a half door for ventilation, is .suitable. Such a building is sufficiently 
cool, is easily cleaned, and can Jbe thoroughly disinfected and is free 
from ticks. The calving female is madp comfortable with litter, 
which should be removed daily or at any rate cleaned and sunned. . 
During this period the diet ’should be changed to one of laxative 
type, foods like cotton seed cake and even to some extent chuni. 



228 


AORICOLTUKAL JOURNAL OF INDIA 


XI, in. 


should be avoided. Probably oue of the best diets at this period 
and for some days after calving is one consisting of half hajra and 
half bmn or three parts of the former and four parts of the latter. 
Oats could no doubt replace hajra ; but the former is the diet fed 
by the writers. The amount of this mixture will vary between 
4-8 lb. according to the expected milk capacity of the mother. 
The important points at this stage are a clean .spot for calving and 
a laxative diet to prevent any disturbance in the milk (colostrum) 
production after calving. One of the (sommonest sources of loss of 
calves is navel-ill. This is closely associated with infection from 
a dirty floor and lack of immediate steps to disinfect and tie up the 
navel string immeiliately aftei" separation. A calf diopped in the open 
rarely suffers from t his, and, if a suitable (iaiving shed is not available, 
probably the next best pLicci to tie u]) is in the o}>en under shade. 

The Feeuin(} and M.anacjkme.nt of the Calf Immediatelv 

After Birth. 

The calf slxiuld be plaiied before the m()tber who will lie-k 
it and thus remove most of the mticilagi nous mattei adhering to it. 
The calf’s mouth and nostrils should be freed of mucilage to 
pei'init normal respiration and steps should be taken, as mentioned 
above, to wash the navel with a 5 per cent, antisefdic lotion and tie 
it up, using .silk thread or gut. If not properly cleaned by its 
mother the calf may be rubbed down with straw. In some (»isos 
the calf may be removed immediately after calving and cleaned 
down in a separate shed, but theni is no direct advantage gained. 
In about (5-8 hours the, female will pass her after-birth and by then 
the (ialf will b(! beginiring to attempt to ri'-ach the teats. This is a 
point at which management varies. Some raisers peimit the calf 
to suckle for one or two days, others a week or even longer and others 
remove the (salf entirely. In deciding action certain considerations 
must be borne in mind. These are (1) the effect of removal on the milk 
flow of the female, and (2) the effect of non-removal on the aptitude 
with which the calf will take to hand-feeding later. A certain 
pjoportipii, of she-buffaloes do not appear to be affect ed by the entire 
absence of the calf. Others, though not requiring the calf to Start 
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thtf milk flow, are quieter and more easily handled if their calf is 
beside them. A few cannot be got to milk unless the calf starts the 
flow. Usually these are buffaloes which have been permitted in the 
past to suckle their young. In the case of cows the niatei rial instinct 
is greater and a cow whioh lias on<;e been suckled by her (jalf is 
difficult to handle in its absence and not infrequency refuses to 
drop her milk, unless the calf starts the flow. As regafds the case 
of hand •feeding later, there is no doubt that the longer the calves 
are permitted to suckle, the more difficult it becomes to get them 
to pail-feed. A buffalo calf, separate*! from its ilam, say a week 
or 10 days after calving, can be got to pail-feed witii little l.roublo 
and generally without seriously affecting the milk flow of the dam. 
A cow calf is extremely difficult, to train and, indeed, in some, cases, 
impossible, while the (!OW, even in Inw first calf, will probably show 
a falling off in milk. Krom these facts the writers believe in the 
immediate separation of cjalves, particularly in the ease of <!Ow 
calves. Such separation in the case of the latter is possible )nly 
if done at the first calf, before the female has had an o])poi'trnity 
of experiencing the (‘ffect. 1 n the (iase of buffalo it is not s*) abso’ute- 
ly essential, but, with a view to the greater ease with which the calf 
takes to the pail, it is probably desirable, unless the udder is caked 
or out of condition. The mot her must of course be thoro’ ghly 
hand-milked in the absence of the calf. Assuming that early 
separation is decided on. the calf should get its first lesson in pail- 
feeding some (>-7 houis aft.cr calving. This is done by putting the 
middle and the fourth fingei' of the right hapd in the calf’s mouth. 
When the fingers are introduced the calf begins to suck, and the hand 
should tlujn be lowered very gently into a shallow vessel (containing 
between one and two pounds of the colostrum drawn from its mother. 
In the first efforts the calf draws the milk by sucking on the fingers, 
but in two or three days it will begin to take up milk from the pail, 
still assisted by the hand, aq,d within a week will diink direct. 
During the first 10 or 12 days the calf Tiiust get its mother’s colo- 
strum. Ordinary milk will not do. During this period it should , 
receive its milk at least 4 ti1n(*s a day. The milk fed immediate^j^ 
afte^ the morning and ewning milking needs no special attention. 
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The milk fed at intervening times must be warmed to about iOO- 
101®F. The vessels in which it is fed must be clean and the milk 
fed fresh. Neglect of any of the above points will probably lead 
to stomach troubles. After having its milk, it is advisable to wash 
the calf’s nostrils and mouth with water and wipe them diy. 

* Calf Feedino. 

This section refers to feeding till over, at least, 6-7 months 
of age. The largest mortality in buffalo calves occurs between 
the age of 10 days and 4 months. The subject of calf feeding by the 
aid of separated milk and substitutes is one on which a good deal 
lias been written. The schedule below gives the standard lines on 
which female buffalo calves and males of possible breeding value are 
raised at the College dairy. It has worked with complete succe.ss 
for the last two or three years. The variation in the character of 
the substitutes will be discussed later. 

Schedule for Pail-fed Calves. 

(All buffalo female calves and males of 2 best milkers.) 

I. Period : length 45 days, 0-J Jw. — (n) First 10 days, mother’s 
colostriun 4-5 times a day. 

(6) Remainder of time whole milk up to about 5 lb. fed in 4 
meals. 

II. Period : 45 doys, Whole milk to give way to skim 

and linseed gruel substitute. 

Beginning with 5 lb. whole milk in .3 feeds, skim milk and gi'uel 
replace midday meal and later the other two by a process of gradual 
dilution, till in about 20 days the diet is 5 lb. skim milk. The 
linseed starts with a few spoonfuls and is eventually raised to about 
I lb. 3 feeds per day. A small quantity of bran and chuid is given 
diuing this period. 

III. Period : 45 days, 3-4j7M.— -Continue skim feeding 5-6 lb. 
with (1) § lb. linseed as gruel followed by 1 to Ij lb. bran and 
chuni, or (2) replace bnseed and hraa-chuni by 1 lb. jtmr meal and 1 lb. 
bran fed "after milk. In this period the midday meal should be 
skim milk with a little linseed gruel or skim milk with a handtul of 
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jmr-hxi\n, the bulk of concentrate being fed mprning and evening, 

3 feeds per day. 

IV. Period: 45 days, 4^-6w. —Replace tlie linseed giucl or a 
portion of jmr by cake. Reduce skim milk and cutting out midday 
meal till in about 10-15 days the milk ceases and the diet is 

(1) ^ lb. bran \ lb. cake | lb. chi'ui^ 

or (2) I lb. bran I lb. cake lb. jaar me.»I. 

2 feeds per day. • 

V. Period: 45 days, — Increase concentrates. 

(1) I lb. bran | lb. cake K lb. chani 

or (2) ^ lb. bran J lb. cake 1 1b. juar meal. 

2 feeds per day. 

VI. Period : 135 days, 7|-12m. — Reduce conccutiv.tes till b}' 10 
months or so, 1 lb. is being fed of eithc)' of above mi.Kture.s, 

2 feeds pas.siug to one. 

Fine fo<lder should be given in the second perioii and b\ its 
(dose the calf should be consuming a fairly appreciable amount. 
It should be allowed access to what it re(pnres. The fodder l iven 
should be of good quality. It should also be as succulent as ]jossible. 
If, however, it is unused to succulent material its introduction 
should be gradual, though eventually it can form a large part of the 
fodder diet. At the College farm succulent food is met between 
mid- July and mid-September by grass, mid-September to mid- 
December by soryhums, from mid- December to mid-A])ril by 
berseem and the balance of the year by silage. Very young calves, 
if born in the silage period, depend on a small quantity of guinea 
gi'ass in the early stages of fodder feeding. *Tlie milk or separated 
milk fed should approximate in temperidure to about 100°F. 
Morning and evening feeds immediately after separation do not 
require special attention, as, at the dairy, separation of buffalo 
milk for butter or (fhi purposes follows irnmediately on milking 
and the fall in temperature is inappreciable. The midday feed 
requires warming to about I00-1()1°F. Tire linseed is weighed out* 
according to the needs of the stock and made into a gi’uel, using •! 
part of Unseed to 6 of water. A quantity of this gruel propor-tional 
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to the weight of linseed due to a calf, is then mixed with the skim 
milk. An important point is that the vessels in which the milk 
is fed must be kept thoroughly clean and should be scalded as 
thoroughly as if for human use. Calf illness is not infrequently 
traceable to lack of care in this respeftt. The grain feed is weighed 
out on the Rfime lines, moistened some time in advance and fed 
by measurfi after the milk. At feeding time the calves are tied 
separately ; each then receives its portion in an iron bowl. Tying 
at feeding permits the slower eater to complete without being 
worried or robbed, prevents calves sucking each other and ensures 
that each gets its proper share. Attention should be given to 
the dung, generally passed after feeding, as this affords a fairly 
ready index of health and the suitability of the diet. It is a 
mistake to imagine because skim milk is being fed in place of whole 
milk that a larger bulk of milk is necessary for support. The 
amounts of milk fed in the .schedule are .sufficient, and attempts 
to markedly increase the.se have generally resulted in diarrhoea. 

With regard to the nature of the substitute* the writers are 
of the opinion that up to about the middle of the .second period 
linseed gruel forms one of the best sulistitutcs. .\fter that date 
considerable variation is possible. 

The following experimental feeding illustrates this and is the 
cause of the duplicate feeds in the .schedule. Fiiupiently it mav be 
found to be more economical to use a giain diet. The calves of both 
gi‘oups were alike in ago and averaged about. 3 months, and up to 
the date of startingthq experiment, both had been ra.iscd on separated 
milk and linseed as outlined. 

The diets for grou]is A and B were as follows : — 


Group A 

(5 

iHt pei iocl J 2/3 

lb nkini milk 

1b. linseed ^nipi 

(liroup B. 

5 lb. Hkim milk 
1 1b juar meal 

45 days. j 


lb. bran 1 
lb. o/m/i/ ' 
lb. chuni 
lb. bran 

i lb. bran 

2nd period 

U 

i lb. juar meal 
i lb. bran 

45 days. 

u 

lb. tWi cuke 

^ lb. tHU cake 

3rd period J 
M days 1 

[2/8 

lb. ohnni 

i lb. juar meal 

rf 

lb. bran 

h lb. bran 

L2/M 

lb. cake. 

i lb. cake. 
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TXus in group A in the first period there, was higher propor- 
tion of oil and proteid, in gi-oup B a higher i)ropoition of carbo- 
hydrate. In the subsequent periods A differed from B in having a 
higher proportion of proteid. All the animals maintained a good 
condition and the development of the parts of the body was abke. 
In the first period, animals in B group in the beginning* showed some 
slight tendency to scour and they were at the end perliaps a little 
softer on handling. • 


The following are the progressive average gains pei- head of 
each group : 


Bnd of 30 days 

End of 60 days 

End of 90 dayn 

End of 120 days 

Group A 18 lb. 

38 1b. 

681b. 

92‘6 lb. 

Group B 31 lb. 

69-6 lb. 

91 lb. 

119 lb. 

Group B thus made an average 
months. 

gain per head of 2G‘4 lb. in 4 

The amount fed 


A per head 

B per head 

Skim milk 


195 lb. 

195 lb. 

Linseed ... ... 


251b. 

— 

Jfi<ir-meal 

... 

— 

9.3 lb. 

Chuni 


951b. 

— 

Hi an 


48 lb. 

00 lb- 

Cake 

... 

491b. 

49 lb. 

CoMt Ka. 


13-10 

12-10 

Price per lb. of increase live aeiglit. 

2%36 annaH 

1*70 annas 

Feed B thus gave 

a greater increase and cost 

0‘C5 anna less 

per lb. As there aie 

considerable 

diveigcuces in 

the charat;ters 


of the two diets a fairly wide margin of food stuffs is appa?<*nt)y 
possible. The general results bear out i^imilar (‘x})erimeuts pu 
cow calves in America. 


Housing ^nd Exkrcisf.. 

Young calves do not require very elaborate housing, at any 
rate in the Central Provinces. The general calf shed is a galvanized 
iron , building covered with a thatch, protected towardg the south- 
west and north and open towards the east. In the writers’ opinion 
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both the iron and tlie thatch are important. Iron prevents the 
existence of harbours for ticks and other parasites and an external 
thatch makes such a building habitable in the hot weather. 
The floor of the shed is dry earth and raised about b"-?* 
above the general ground level. It is divided into three com- 
partments atid ea(!h compai-tment has a fenced run to the 
east of the shed, about four times the width ot the shed in 
length. Possibly four sections miglit be advisable, but are not 
essential. 

In the coldest and wettest parts of the year, the youngest calves 
are generally housed at night in a large loose box, as, if unprotected, 
they are subject to broncho pneumonia. In the general shed 
the chief points to pay attention to are (1) protection against 
rain and excessive heat, (2) freedom of movement at will, 
(3) a gi-ading of the calves to each section according to age 
and size, and (4) cleanliness. In addition to the movement 
possible in the small paddock, calves .should be allowed to go 
out daily in a neighbouring field in the general farmyard. 
Ample, though not excessive, exei-cise is an important 
item in keeping them fit. 


Watkrino, Salt and Lime. 

During the first montli or so the calf shows no demand for water 
— ^the water in the milk being sufficient ; after this — in particular 
when they have begun *^^0 take up fodder — the need increases. There 
should be ready access to a clean water supply, preferably in a water 
trough in the calf penS. If this is not fitted in the calf pens, they 
should be taken to the water supply at least twice a day in the cold 
weather and four times a day in the hot. The fact that a calf needs 
Avater in addition to what it gets as milk is too often overlooked 
in rearing calves by hand and causes the calf to gorge the milk with 
bad effects. 

Salt is an essential. It should be supplied in small quantity 
Vi^ith the epneentrated food. At the same time it is not a bad plan 
to have a block of rock salt hung in each pen or shed. It 
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strenffthens the appetite and stimulates digestion, a factor of some 
importance in keeping condition. In the pen in which the calve.s under 
three months are kept it is advisable, in addition to rock salt, to 
hang up one or two blocks of chalk. The young <;alves will lick 
these readily. The effect is - two-fold— prevention of scour and a 
prevention of the habit of licking the floors and ground, •which is not 
infrequently the cause of stomach trouble and intestinal worms. 
The necessity for lime appears to decrease as soon as the diet begins 
to include an appreciable amount of diy food. 


Othkb Points of Cabk. 

Buffalo calves, generally, are exposed to attacks of hoose. 
broncho pneumonia, scour, white .scour, tympany, intestinal 
worms, mange and lice. If care is taken on the lines indicated in 
this article, the possibility of these is very largely reduced. In 
addition, however, two points might be mentioned which have been 
found of considerable value in checking mortality. * The first is an 
inspection of the dung and prompt action if anything abnorinal 
is noticed. Tlie sc'cond is the administration of preventive doses, 
at intervals, of raw linseed oil and tiu-pentine. 

The following is the schedule of this measure as adopted 
at tlie dairy. 

(Quantity of 
turpentine 

s 

j To be adminintoreti once 

I OZa ^ 

( every fortnight. 

1, oz. / • 

1 ox. Administered once a rnonth. * 

The usual methods of dealing with ringworm, mange and lice 
need no repetition. 

Calves over one year- -development of the buffalo heifer. 
Practically speaking from aRout 10 months old and onwards, 
calved requhe but little special attention as long as tliej'* receive 


Ane 


Quantity of 
liiiHeed oil 


1st month ... 1 ox. 

2nd, 3rd and 4th months. 1\— 2ox. 

iith and 6th months 2 — 2«oz 

7th.l2th „ 3 ox. 
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mple digestible foilder, free access to ivater and exercise. JThough 
inferior or inadequate nourishment should b<‘ careiully avoided, the 
effect of a temporary falling off of this at this time is not so 
disastrous as in the early stages. ( 'oncentrated foods are Jiot essential 
except under iuferior-quality-of-foJder (iotiditions. A certain 
amount of ^ain during this period n'ill result in a bigger growth 
and earliej- maturity. A regular grain ration at this period is 
ho\^ever too expensive to be ee-onomical. (Irazing is the eheape-st 
and, if ample, is the best way of raising the calves. .\t the College 
dairy, on account of the absence of grazing of any real value, the 
young stock are raised on fodder. The only lylvantage of feeding 
on fodder lies in the fact that the quantity and (piality are more 
regular througliout the year. Most Ijidian gTazing is defective 
in these re.<pects. If young stock are to be raised on such grass 
areas it is necessary to reserve some of t he area, for hay. (.hit and 
store this in October and feed a liberal hay ration Ix'tween Fr'bruary 
and the end of July. During this period about a couple of pounds 
of concentrated Is desirable, in o?-der to keep the animals in a thrifty 
growing condition. The amount of this concentrated will naturallv 
depend on the quality of the roughage. In addition to the hav 
of the poor local grasses round Nagpur. 2 lb. of cotton seed or 3 lb. 
of undecorticated cotton cake are found to just maintain heifers in a 
growing condition at this period. At the College farm, by i-eason of 
the inclusion of berseem up to the Ireginning of April and the better 
quality of the fodder, concenti-ates are fed only for about three 
months, only a pound u.sually being given. Succulence in the fodder- 
fed has a marlced effect in the rate of developmmit. In one case in 
which the same concentrated diets were used (1) witfi the dry 
poor hay available in the hot weather and (2) later with grass in 
the months of August and September, the average increase in live 
weight per head over the same time was practically double in the 
second period. The use of silage at part of the r-oughage fed in the 
hot weather- can be recommended. A buffalo heifer which has . 
received treatment along these lines will probably be found to weigh 
about 900.t^],000 lb. when 3| years old before giving birth to her 
first calf. 



HAND-KEEDINU AND MANAGEMENT OF BUFFALO CALVES 


Cost of System ;>er Jmul. 



lb. of whole milk at 12 lb. per rupee ... 

• Rs. A. 1*. 

33 12 0 


850 lb. of sepanited milk at 80 lb. per rupee 

11 10 0 


60 lb* of linseed at 15 lb. per rupee 

4 0 0 

iHt year 

187 Ib. of cake at 40 lb p'^r rupee 

4 11 0 

157 lb. of bran and r/u«ni at *22 11> per rupee 

7 2 0 


2,430 lb. of fodder at 200 lb. per rupee .. 

12 2 0 


Labour pur calf (estimating 20) 

f li 0 


Shed rental 

0 *8 0 


Cost for 1st year 

.57 0 0 


{ 120 lb. concentrated foods at 40 lb. per rupee 

3 0 0 

2ml year 

j 4.410 lb. of fodder at *200 lb. per rupee 

*22 3 0 


' Livboiir and lental 

.3 8 0 


Cost for 2nd yeai- 

•-N 11 0 


/IHO )b. concontratetl foods at 40 lb. per rupoe 

4 8 0 

year 

1 .5,7.50 lb. of fodder at 200 lb. per rupee 

29 0 0 


' Ijabour and rental 

3 0 0 


Cost for 3rd year 

3(> S 0 


Total cost per head 

122 .3 0 


If the st<)(;l< ill Ihe soooivl and third Vfiars are raised on <;razi( <t 
areas where hay would be oheap th<*(;ost. per heat! woi/ld not exceed 
l?s. 95. Il inij'ht even be ])o.ssible to reduce the cost slitflitly fiirtli u 
bv a retluction of the ])eriod on whole milk. 

A ttheir tirst calving, any of the young Delhi and Sirti 
buffaloes on th<‘ ('ollege farm raisetl on the above lim*s are woiih 
R.S. 125-130 and mon‘. if we take into considerat ion the cost of 
carriage fiom the ])lace of ]mrchase. 
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AMERICAN COTTON AND AMERICAN COTTON 
- SALES IN THE PUNMAB. 

BY 

W. ROBERTS, K Sc., 

Profmor of Agricnllnve^ Af/rieuUnral College^ Lyallpiir. 


CioTTON sales have become a feature in tlie successful 
introduction of American cotton by tlie Punjab Agricultural 
Department. It may therefore be of interest to give some ac(!Ount 
of them. In a previous article ‘ in tliis journal the writer gave 
a brief account' of tlie histor}^ of the introduction of American 
cotton in the Punjab Colonies. It. was then pointed out 
that the first sale was started in 1905-0, only three years aftei‘ 
the first trial of American cotton. From 1908 to 1913 two 
sales were held annually, viz., one at Bargodha in the Jhelum 
Colony and one at Lyallpur on the Ijower Clienab. In these 
early sales the objeid was merely to help zemindars to get a good 
price for their superior produce. A small quantity of new 
seed was imported by the Department yearly from Dliarwar in 
the south of Bombay. Comparatively sma.ll quantit ies of cotton 
{ht])(is) were brought to these sales, a few hundred maunds as a 
nile. Premiums up to Re. 1-8 and more a maund were obtained 
but the effect was to fix the price of American c.otton for the whole 
tract. In 1911 and 1912 factory owners began to pay some 
premiums independently of the sides. In 1913 the Depart.ment 
was in a position to give out a ' special variety selected by the 
Economic Botanist and handed over for further trials to the writer. 
From 1913 onwards these sales acquired a new importance as it 

r* - - - - ^ 
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became necessary for the Department to get back tjie seed for further 
distribution. The area sown imder this special variety No. iF 
in 1913 was only 100 acres, in 1914 it was 3,000 acres and in 1915 
in spite of the effect of the war on cotton sowings the area under 
4F rose to 9,000 acres. In the* present season it is estimat ed that 
over 30,000 acres will be sown with this variety. In "the article 
previously refeired to the Avriter ventured to prophesy that in spite 
of the. disa.st.rous effeid. of tlie war on cotton prices the area umlf*!- 
American in thi^ Punjab would not decrease. This was amply 
fulfilled and something like 65,000 acres was sown witli American 
of aU kinds last year. The season, though distinctly bad, was more 
favourable for Ameriiian than desi. The prices obtained at the 
sales this year were so good that at a moderate est irnate t hen*, should 
be about 120,000 acu-es sow'u with American of all kinds in 1910. 
The above was written during the Meeting of the Board oi 
Agricidture at Pusa (February' 1916) and now' two months later w’hei 
cotton sow'ings have 8tart.ed the whole of the seed with the Depaitmem 
iimounting to 2,000 maunds in Lyallpurand Montgomery and aboui 
600 maunds at Sargodba has been alreatly disposed f>f. Muohmor.* 
could have been sold. Numbers of zemindars, who w'aited till sowing 
time before buying seed, have had to be refused daily since April 1st . 
No better evidence than tliis is neces.s}iry of the Avillingness of tne 
cultivator to adopt a new thing if it pays him. It is estimated 
that over 500 maunds seed was retained by last year’s grow'crs 
and lienee w'ell over 3,000 maunds of seed has been distributed. 
The seed rate here is 4 seers per acre and thei^fore 3,000 maunds 
means 30,000 acres. The Department now' control directly therefore 
at least |th of the area. Thisijyear’s sales w'erd held at five centres, 
in the Lyallpur circle (as compared to two last year) and two in 
the Jhelum Colony in the circle of the Deputy Director of Gurdaspur 
(as compared to- one last year). Altogether about 8,000 maunds of 
kajMis (seed cotton) was sold at .these sales. Of this about 4,500 
maunds was first class and was ginned under the Department’s 
supervision for the purpose of getting the seed for distribution. 
This year some changes were introduced in the conditions of the • 
s^es w'hich may have far reaching results. The most important 
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ol theso. roljites to rbissiftoatioii of {ill tlio oottoii by tlie l)e,mrtTiipnt 
and the leiivitig of all urbitiation ii) its bands. Tbese (londitioiis 
were opeVcited witli great sinootliness tlirongliont {ind to tlio safis- 
faotion of sellers and buyers iilike. 

Another feature of this year’s 'sales was the lact that Messrs. 
Tata and Kons sent up ii repre.sentative a1 the writer's reipiest .and 
it was he\vho bought the greater jiarl of the cotton either directly 
or indirectly at the sales. 

Veiy good prices uere rejilized ; in oju' side the price j)aid was 
Jls. 3-13 more than foi- desi cotton on the .same day. The average 
prie.e per niaund of Iripas in Ly{tll]nir was Rs. 10-12, the price of 
dm being Rs. 7-8. Th^ preiniuin was therefore over Rs. 3. No 
doubt the war partly a(;counts for the high price. ;is imports from 
America are restricted owing to high freight. s. Last year, however, 
when freight was not. such a burning question the premium W{is 
Rs. 2-13 a nuiund. In the jKist sciison AtneT'ican cotton vielded 
well per acre iis compared to desi, though b(»th suffered in viehl 
owing to the excessive drought. The Howers iill a])})eiir together 
in the commoji dm liotton grown here and thi‘ .strain on the ])lant 
is enormous at tlmt j)eriod. In Anieri(;an, on the other hand, the 
flowering is much more graduiil, and hence the sliain {it {iny jnirti- 
cular time is less. It Avas a common sight to see fields of dcsi cotton 
in .Inly and August strewn with fallen flowers. Zemindars here 
boldly say Ajiiericiin cotton yielded twice as niiKih {is desi. The 
extra profit, for (5.5,000 aiTes even assiuning t he Aniericun yielded 
only 1 maund more per {icre is oA’er 0| lakhs without taking into 
account any premium. 'Phe total extra ])rolit to the growei- last 
year umy therefore be estinuited {is J 2 lakhs assuming oidy one-eighth 
premium per maund. 

In the present year with 120,000 acres and assuming a premium 
of Rs. 2 a maund and an equal yiehl with dm, be., an average of 
G maunds per acre the extra profit will be 6 x 2 x 120,000 equal to 
14-4 lakhs. No one who, knows the facts can doubt the moderation 
of the aboA’^e estimate. 

It is very satisfactory to note that this cotton is doing very well 
in the: new Canal Colony— I’hc Lower Bari Doab. In one 
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estatfe where 250 acres were under this cotton a total yield of close 
on 2,500 raaunds was obtained or nearly 10 maunds per acre. It is 
estimated that the area under American in this colony this year 
will be at least 15,000 acres, of wliich over 10,000 Avill be pure 
4F. 

In Lyallpur one grower this year lias 2,000 acres, under 4F 
cotton It may lie pointed out here that not only is the Seed being 
taken by (’■>* people from the Department but a veiy large and 
increasing number <tf gi-owers are beginning to pay serious attention 
to improvetl cultivation, especially sowing in Hues, and interculture— 
a practice so far quite unknoAvn in the Punjab. 

It maybe of interest to sjiecuJate as to tlie possible tina.l area 
of Annuican that can be grown. The average area under cottoi' 
in the following districts wliere American has been su(;ce,ss[ull\ 


iutj(Mlii(*.(»d is ji.s 

follows : - 





Dibti let 

1 

Total area 
irritxated, 
m 1 15 

1 Total area 
} under cotton, 
averapo of 

5 years ^ 

Ebthiiaied 
area under 
American 
cotton ill 1916 



At 1 es 

Acres 

Acres 

Lovsei Jhclnm Civnal 

Slnibpiir 

S92.68I 


CO.tKHl 

Low'pi Chennb Gtiiial 

( Ly all pill’ 

< Oiiji aiiwala 
(Jhiui;; 

fl‘21.411 

; 15S.;i58 

! Tl.IMHI 

: 49,207 

III 

Lower Bini Doab Canal 

. . 1 Mont|<onu‘ry 

Otlier district's 

970, 4JS 

1 

1 

; -JO.OfMi 

i (acres in 1915) 

15,000 

:i,ooo 


1 

'Potal j 

1 " 

1,725,117 

j 410,001 

TJtMKIO 


As the area under cotton in the colonies is geneially 10 ])er 
cent, of cultivated area, we may expec-t a big increase in Montgo- 
mery. Tlie total area under cotton in the colonies will be roughly 
440,000 acres, of which we may expect, ultimately ;i00,000 ac.res 
to be under American. A certain propoition of d^si cotton will 
undoubtedly (iontinue to be grown especially in very light soils 
and near the tails of the canals where water conditions are luecarious 
and late soAvings are common. In siutii tnicts jirobahly the 
Red Sanguineum desi A^arietj' w perhaps a Neylectum type Avill he^ 
safer to grow. * • 



2i2 


AQ&icot'i'ORAL Journal or inrIa 


[XI, 111 

The amount of American cotton in other districts outside the 
above is probably not as much as 5,000 acres, though it is being tried 
widely irowadays practically all over the province. 

The marketing of American cotton still leaves much to be 
desired. The trade is mostly in the hands of Indian ginning factory 
owners at present, the European firms having done a comparatively 
small business up to date. Bombay is the chief buyer. What is 
curiorus about the business is the almost universal mixing that 
goes on in the ginning factories. The usual grade sent to Bombay 
(iontains from 10 to 30 per cent, of desi c.otton. Some ol the factory 
owners are very frank over this mixing, and tlie writer has often 
seen American cotton with 20 to 30 per cent, of desi being added to it 
before ginning, cispecially in the .Jliang District. One reason for 
this is thc.t desi c.otton lias a better colour tlian .\merican and no 
doubt the mixture looks whiter than pure American. One would 
expect spinners would find the defect. Individual spinners in 
Bombay stoutly deny that they want such niixtiues, yet that is 
what they mo.^tlv get c.nd j)ay for. 

It might be pointed out that the ginning outturn of c.ll cottons 
was low last yea.r, and thus there was more than the usual ])ercejjtage 
of short fibre. This fact no doubt facilitated mixing with desi. 

'riie dangers for the seed from this and othei- causes will 
probably make it uec'essary to brand 4 F bales in future. The ])oint 
is receiving careful attention, it is sati.sfac.torv to note that this 
year as well as last year gootl deal of cotton wc.s senti pure both 
to Bombay and Nagpur. 

The widespread growing of American (;otton is brought home 
to any one walking in any part of the above tiact c.oitiprising the 
Lower Jhelum, Lower Chenab, and Lower Baii Doab Canals. 
There is scarcely c. village without a field or two of American, and 
in some places practically no desi cotton c.an be seen for miles. 
As an instance of the indiretit effect of the cotton sales the case of 
certain large growers near Lyallpur may be mentioned. Up to the 
day of our first sale the best price offered to these zemindars was 
lls. 10 per maund, who'cas the day after the sale they were offered 
Rs. IJ; ahdsomeactuallysoldprivately utRs. 11-4 a maund of kajMs. 



IMPROVED SUGARCANE IN THK IJNilTED 
PROVINCKS. 

IJY • 

G. CLAllKK, F.I.O, 

A(j ricuHnral Ch^'misl^ Unikd Provinces nf A»jra and Ondh» 

'Phe SugiU'CiMic Itosoi'ii'ch Sti'.l.ioii I'J S!u'.!ijiiliiMipur was opened 
ill 1913, and tlio work of select iiig improved varieties of sugarcane 
was seriously taken in hand in tlie United Provinces. Results 
were obtained in a vi'iy shoit time. 

The Research Station is fortunate in being situated neai' a laigi* 
central factory i’.t Rosa and since results have •been a,va.ila^de, 
the staff of tlie hictory have given invahiable assistance in he 
distribution of improved canes and in testing tJu' r(\sult.s on a 
factory scale. 

The improved came illustra.ted (Plate VTl) wa-s grown in shaimw 
trenches, 18 inches wide and 0 inches deef) with a, space ol 18 inches 
between each trench, that is, the cane rows were 3 feet apart. It, was 
manured with castor-cake niee.l at the rate of 3t)-40 maunds per 
acre and irrigated b\ means of a pumping .installation from (he 
neighbouring river. 

Before the rains it was earthed up, and* it is due to thistluit 
the crop remained standing during the abnormally hea\'y rains 
and winds of the monsoon of 1915. 

The importanc-e of the latter operation cannot be over- 
estimated. Heavy ci-ops of impi’ovcd canes growui on the liglit soils 
of Rohilkhaiid that are not. earthed up alyiost invariably fall down 
during the heavy rains and liigli wnnds that prevail during the 
monsoon in the sub-montane Iracts. The ipiantity and jiarticularly 
the quality of the rah and (jur arc badly affected, in fact it is 

( 243 ) 
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impossible to obtain the light coloured danedfir rah and gar. so niuoh 
prized in tlie bazaar, from fallen cane. 

Tt is impossible to give an accurate figure of tlie cost of growing 
cane, as this depends on many factors that are affected by local 
conditions, such as cost of labour, piioe of oil-cake meal and cost of 
irrigation, #tc. The trenching described above costs in the 
Shahjaharfpur Histrict. where- labour is nof. particularly cheap, 
Rs. 15 per acie }'.nd, considering the fact that a crop of improved 
canes such as that illustrated will yield gur and rah worth Rs. 350 to 
Rs. 450 per acre, this additional outlay cannot be called excfessive. 

The yield of cane in the field ilhrstratcd was jusi over 600 maunds 
per acre trirmned cane, containing 11 "78 sucrose per 100 cane. 
This was in e, ycai when the outturn of sugar was very low. the 
df/ii varieties yielding 8-9 sucrose per 100 cane in this district. 

The milling properties of the improved cane weie tested on a 
factory sode in a nine roller mill capable of crushing over .50() maunds 
perhoiu'. Sixty tons of cane were crushed in each test. At the 
author’s request the milling was arranged for without the addition 
of maceration water in order that the results might be compared 
with those obtained at the Research Statioii on a smaller scale. 
The following results were obtained without maceration at the 
fsiCtorv : - 


JiiU’C oxpro8H«»(J pop 1(10 cane 

... 70-60 

Siicro«n pfir 100 jtiioo 

... I4:i5 

Piii'ity of juice 

. H-idO 

Qliicoso per 100 juice 

IMl 

SncroHe per 100 bafraese 

i^-ffO 

Sncroee per 100 cai.o 

. 11-78 

Mill extraction 

... 86-00 


' These figures are of interest as being the first published of the 
results that can bo obtiiined on a factory scale with improved 
canes in these provinces. As already stated, maceration tvas not 
employed and the mill extraction (86) would be increased to an 
appreciable extent by the use of the usual 10-15 per cent, added 
maceration water. Tliese figures confirm numerous tests that have 
been made with this cane on a smallei' scale at the Research Station 
with small bullock mills and small power mills. 




A medium thick cane (J. 33) selected at the Sugarcane Research Station, Shahjahanpur, for distribut 
in the Rohlikhand Division of the United Provinces, The photograph was taken in a field 
grown at the Rosa Factory under the supervision of Mr. H. D. Lang. 




PLATE VIII. 



Chunni, a local cane of the Shahjahanpur District. The photograph was taken in a neighbouring 

field grown at the same factory. 
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Another improved variety of cane, Ashy Mauritiius, was grown 
on a large scale at the factory in 1915. Tt is a thick variety of the 
potinda type and can only be grown under conditions of intensive 
cultivation. It has been under experiment in these provincjes for 
10 years and has given cousfetently higli returns both as regards 
yield of sugar pei* acre and quality of rah and fjur. • It requires 
more care in cultivation than J. 33 but it is an excellent cane, well 
worth li trial wheie proper care and attention can be given to it. 
It is one of the very few canes of this ty|)e that fully mature during 
the short growing period of ITppor India. 

At the Research Station it has given, through a series of years, 
100-120 maunds of rab pei* acre. 

Tlie milling results o})taiiied in a nine rolle?* mill at Rosa in 
1916 witliout the use of maceration water were as follow^s : — 


Juice ex pi 6880(1 per lOli c.iiie 


70 90 

Sucrose per 100 juice 


lo.n 

Purity of juice 


ss-no 

G1uco8u per 100 juice 


or>7 

Sue rose per 100 ba^nisse 

% 

7 10 

Sueroso per 100 cane , , 

••t 

13 74 

Mill extraclioii 


H4‘30 


Tlio autlior is indebted to .Mr. K Simmons for kindly phnniig 
at- liis disposal for puf)]ication the two photograplis illustrating riiis 
a!‘ti(;le. Tliey were taken at .Alessrs. Oarew & fJo.'-s Factory, Rosa, 
in the Shahjahanjuir district in the United Provinftes. 



PHOTOGKAPHTC ILLUSTRATION. 

BV 

C M. HUTCHINSON, B.A., 

Impuridl AfjricuUnral B'jclariolotjisl 

A LARGE majority of tlie pliotograplw taken to illustrate scicotifi'’ 
writings are reproduced as half-tones, and in order to be smtcchsfid 
as illustrations must bear certain characters which av’ ""sii’y 
for success with this })roc('8s although they may la* v-ssei-Mal ior 
ordinary pictorial repiesentation a.s photogr‘’'’‘hic prm<‘> tlaii- 
tone reproduction of necessity reduces conti-ast .n.d in tnanv cases 
eliminates fine detail, so that it is necessary to aim ar a neeati' ■ 
in which contrast will ’x 'xaggerated, and to produce one on s.ich a 
scale as will allow tin- detail *equ ed to be shown in the 

fmaJ illustration, to a,ppea.r sufficiently marked tO avoid elimination. 
This is especially the i-as'* with such subjects as incluV wiitten 
cliaracters or figures, which in many instances beijome entirely 
illegible in reproduction through reduction in scale. Tt may be well 
here to point out the, advisability of including, in many subjects, 
a scale of imdies or feet, or some object of .standard size such as a 
watch, or for outdooi' subjects a figure, without which many photo- 
gtaphs both in text-books and scientific memoirs lose illustrative 
value. For half-tone reproduction what is called a " hard ” negative 
is preferable to one showing fine gradations of tone merging into one 
another ; hardness in this sense means a sharper definition of the 
edges of the high lights and a grei^ter obvious contrast between the 
high lights and shadows'. Such hardness is entirely wrong in 
pictorial photography, where the object aimed at is the rendition 
of atmospnarc by means of a fine scale of giadation between the 
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vatioUB tones of the picture, this result being attained largely by 
• adapting the style of the negative to the process of printing or 
woe versa ; when P. 0. P., Bromide, Carbon or Collotype are admis- 
sible an entirely different class of negative can be aimed at, but for 
half-tone reproduction of such subjects as generally come into 
scientific papers, a soft, evenly gradated negative is not desiiable, 
but rather a hard, vigorous one. It must also be remeSnbered that 
owing to the “ grained ” character of the half-tone block, no gieat 
range of tone is admissible in pictures to be reproduced by’tliib 
process, so that in taking out-of-door subjects due allowance must 
be made for the loss of vigour resulting from the compressed scale 
of tones. It is unfortunate that in India other more tnitlifvil 
processes such as photogravure and collort'pe become so expensive, 
on account of the climate, that they cannot be made use of in our 
publications so long as considerations of convenience necessitate 
the use of illustrations produced in tins country. It is also to be 
remembered that the limitations of the half-tone process in mc,ny 
cases render it advisable to make use of line bl«ck reproduction 
in preference tbei'eto. The class of negative suitable for half-tone 
reproduction can be got in various ways, the chief points to attend to 
being ( 1 ) lighting, ( 2 ) exposure and development, ( 3 ) class of plate 
and use of light filters. 

Lighling. This is not always under control, but it is generally 
possible to select a, time of day when the subject will be lighted 
from the side rather tlian from directly overhead ; i.e., the morning 
or evening ratJier than midday wliich in yiost cases in outdoor 
subjects will gi\'e better contrast. In nearly every case a study 
of this point will reveal Ihe best time of day foi- obtaining a vigorous 
negative, and one whicti will show those characteristic features of 
the subject which it is desired to bring into prominence (Plate 
IX, fig. (6), Wheat Plots). 

In many cases, such as that^illustrated in Plate X (Insect Galls 
on Leaf) side lighting in place of diffuse or direct illumine.tion is 
essential for successful representation of the object. • 

Exposure. This is of paramount importance, as is of cour^ 
geoefally recognized, and it is only refemid to here on accolmt of the 



• 24S AgkioUltdrAl jotJBtiAL oir in1)ia [XT, iii. 

apparently very general failure to avoid serious error's in this respeht ; 
the commonest fauft, in t.he writer’s exj^erience, tends to be over- 
exposure combined with the natural corollary of under-devolopment ; 
this is not so bad a fault as under-exposure and over-development 
(although the results are very similrf)) since the photogiapher is 
generally unable to stop development before so much of the picture 
has appeariSd as will allow of considerable improvement by inten- 
sification at the liajids of the reproducer. The Aviitcu" has notwied 
tbaf a considerable number of amateur photogj-aphers in India 
hav(! so little confiden(;e in their power of correthly estimating 
exposure that they habitually <iommen<ie development with only 
half the quantity of accelerator re(*ommended by the makers of the 
])late in theii' carefully (iahudated developer, iind as most of the 
plates are over-exposed, develojnnetit is finished witli this half 
strerigth solution. The resulting iiegatiAes jire in many cases 
regarded as good ones by theii' autluns, but they ;'r(‘ not of sucdi good 
quality as would have been attained either by a. shorter exi)osure 
and develojiment with full strength develojx'r. or with the same ovei- 
exposure and deve]oj)ment w'ilh full strength developei- resti'ained 
by pot. broraid<'. It is therefore generally better to give e, full 
exposiu'e. in case of doubt as to how miud) should be given, e.nd use 
full strength develo])er with bromide re, t her than the method 
referred to above. The resulting negative is genera, llv iiard and the 
contrasts are .sojiietimes somewhat too x’iolent for the Ix-st pictorial 
efl'ect in ordinary printing, but foi- half-tone reproduction this is a 
fault on the right side.^provided the hardne,.ss is due to slou develo])- 
ment and not to under-exposure. It ma,y not be out of pla(;e here 
to draw attention to a point which is liable to escape the notice of 
those who may have had a (;onsiderable iunount of successful 
experience with such open subjects as more generally attract the 
amateur photographer ; when j>hotogra]diing a single object such as 
a plant in a pot, due allowamie is sometimes not made for the very 
great increase in exposure recpiired by the heaviness of the shadows 
, in such a near objecd as c.ompared with that of siudi shadows when 
a similar plant forms only a small })art of tlu' picture in an outdooi’ 
subject. For the .same reason it is all the moje necessary to nnake 
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su(*1i JiJlowrtiKU' wlien plK)togT!i,phing mi objeot (sucli hs a single leaf) 
• so as to reynoduoe it very nearly life si/iC. 

Chiss of pUde. This implies various alternatives, such as slow 
or lapicl, oiclinary or oi-thoehroinatic, backed or unbacked plates. 
Films iieed not be considered, *as they are not only expensive! but are 
extremely mireliable in this climate, (lenerally spe-king, slow 
])lutes are to be preferred to rapid ones, not only on acofiuut of their 
comparative ease of development and the brilliant negatives which 
can readily be got from them, but because of tlie very great latitiule 
of exposure \vhi(“.h t hey permit. This is an inherenl quality result ing 
from their method of manufact ure, but is also partly dm* to the fact 
that, owingto-the comparatively good light in which tboy can be d(!ve- 
loped, control of this operation is simplified. Provided a slow j)late 
is not under-exposed a good negative can be obtained fr^nn it. under 
aJinost any other conditions of ex})osure, even up to ten or nn re 
times 1 hat ne(;essarv to prodmie the best result, and as most agric d- 
tural subjects atlniit of time exposures of considerable dination, 
the use of slow plates may be rec.ommended in pioference to i.. 4 st 
oites whenever possibhn Even in photographing out-of-door f-i b- 
jefits which may be afl'e(!ted by wind movement, it may be pointed out 
that, ])y stopping down and giving a suHiciently long exj)osure. a 
moving branch oi- <!rop will, e.xcept when the witid movemej.; is 
considerable, appear sharp in the resulting negative. Furthermore 
it is very generally true that slow plates are not so liabhi to determ- 
rat*! in the Indian climate as are faster and especially orthochi-oinatic 
ones, nor do they exhibit so much tendency ^ suffer from (ihemical 
fog due to high temperature of the developei- as is shown by the latter 
class of plate. It is perhaps unnecessary speak of the greater 
liability to light fogging which acicompanies the use of extra rapid 
plates, although if. may be mentioned as pci haps not being generally 
known that, this may take place through some parts of tlie materials 
of the camera and daik slides i^i bright sunlight, especially the 
hinged part of the shuttej’ of the dark slide and the leaves of between- 
lens shutters, which allow a considerable amount of red light to pa.ss . 
thro^igh them wdren made of vulcanite, as they frequently are. 
It is also worthy of note that slow ])lates give negatives ’of inueli 
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finer grain than do rapid ones, and this is an imiiortant distinction 
wlien lantern slides or enlargements are to be made from them. 
A good many subjects, however, require the use of fast plates in 
order to enable shuttei- exposures to be made, and in this connection it 
might be well to point out the advantages of the small hand camera as 
being suitable for many subjects which do not demand representation 
of fine detail but are merely intended to help a m’itten description 
by ^pictorial illustration. Many su(!h subjects {see Frontispiece) 
will be found photogi-aphically reproduced in the publications of 
this and other Agricultural Department.s, and it may be said 
that a large percenta.ge of them could liave been taken with equal 
photographic siKwess either on such a small plate as is used in various 
makes ol hand camera or on larger ones such as half ])late, but it should 
be noted tiuit in most cases it would have been very much easier to 
obtain good results by using the smaller plate, psxrtlv on acc.ount of 
the great depth of focus of the shoi-t focus lens fitted to small cameras, 
and partly by reason of the greater number of alternative exposures 
which it. is generally possible to allow when carrying such small 
apparatus. With regard to the focal length of lenses, it may be 
pointed out that, although those of short focus po.ssess the advantage 
of depth of focus, Avith the accompanying poAA'er of giving short 
exposures at full aperture, this is in many cases more thaji 
counter-balanced by the necessaiy accompaniment of exaggeration of 
perspective which makes their use inadmissible for such subjects as 
field crops and experimental plots. On the other hand, for photo- 
graphing live-.stock, especially single, specimens, and in cases in which 
an object in the foregi-ound is to be the .subject of interc.st. a small 
cajnera and short, focits lens has many advantages, especially when 
lantern slides are to be made, which can then be done direct without 
reduction. When views of more extended subjects are required a 
more just apprechrtion of the rehitive sizes of objects in a picture is 
of course obtained by the use of a long focus lens, and it may be said 
that for a large class of subjects the use of a telephoto lens will give 
results' very much supeiior in every respect to those obtainable with 
the ordinary lens whose focus bears the usual ratio to the diagonal 
of the plate. Moreover the modern telephoto lens is no longer the 
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cumbersome and complicated addition to the camera of a few 
•years ago, but is self-(;ontained, not unduly heavy, and is simple to 
use ; it must not be supposed that its only value is for taking objects 
necessarily distant ; its use for the photography of field crops 
allows of the representation bn the same plate of adjacent plots 
under differential treatment or bearing varieties of (irAps, without 
destroying compaiisoii or contrast by lire introduction of the 
exaggerated perspective almost inseparable from the use of the 
ordinary lens. A further advantage of the telephoto lens lies in its 
use for photogi'aphing single objects, such as plants, in such a way 
as to separate them from their surroundings, especially the back- 
ground. This is the mitural result of taking a kirge s(!ale photograph 
of such an object with a telephoto lens, which, owing to its design, 
fails to define any objects except those lying in tlu' sirigle plane 
for whi(di it is focussed, when used at a large aperture and brouglu 
ne;!,r the obj(‘ct. In the many cases, wdiere the use of an artificii', 
background .s(!i-een is impossible or difficult, this property is o 
great value, especially when half-tone is to be usal. as any .sligln 
dithu-entiation of the background from the subject which may exi i 
ill a photograph, is frequently lo.st in this method of re})roduction. 

It must be remembered that in reproducing a photograph for illui- 
tration it frei|uently happens that reduction in size of tlie original is 
effected in order to save space. In choosing the size of (camera and 
plate this fact sliould be kept in mind, as whole plate photographs are 
very generally reduced to halt plate size with accompanying loss of 
(k'tail, so that it may be suggested that the use pi a half-plate ce-mcra 
wdll generally be found advisable in preference to the larger size. 

Whilst dealing with lenses it may be weM to point out a fact 
in connection with the use of modern anastigmats which may not 
be geneially known. It is very natural for the photographer to 
assume that having paid a long price for a good lens, such as an 
anustigniat, lie will find it easier. to produce good results than wutli 
the old-fashioned Rapid Rectilinear. In Rngland this is generally 
the case, but in India, where most of our photographs are taken 
in bright sunlight, we not only lose the principal advantage of the ■ 
anastigmat, which is designed to enable pictures to be taken in 
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compuratively poor light by the use of huge apertures,* but kho 
eiieouiitcr the (Usadvanlage of “Hare;" this is, roughly, the' 
intrusion of sky light l»y internal reflection in the lens, into parts of 
the })ieture where it shoultl not appear, the result in bad cases being 
patches of light known as flare s))Ots, and in less pronounced ones 
of general light fog. which gives the impression of over-exposun* when 
developipf^ and causes many photographers to stop development 
too soon to allow of tbe jnodnction of <;ontrast. This effect can 
be avoided by sufii<!ient cc.re in selecting the point of view with 
reference t o t he posit ion of the sun, but it mcy most easily f»e overcome 
by the use of an auxiliary lens-homl, the ordinary one suj)plie<l 
with most ana.stigmats beitig node, foj' .ippearance sake and 
convenience, niindi too shallow for safe use in this coiuitrv This 
accessory may be des(;ri bed a, s almost indis))ensable in outdoor work’ 
in India in connect i<m with most iuiastigmals, especially when 
working at or lu'ar full aperture. 

The aalvantages of using ba<;ked plati's :uc so well known 
that it is unnecossary to tlo more the.n say t hat many })hotographers 
admit their utility but do not use them, partly on accomit of 
difficulty iti obtainitig them, but largely becivn.se of fancied tr(»uble in 
dev'^loping them : the latter is really inconsiderable with a good make 
of plate which can l»e pul straight into the <levelo|)(‘r without 
removing the backing, this being got rid of whilst rinsing the pljite 
before fixing. On the otlu'r hand, the veiv great suf)eriority of 
negatives of outdoor subjects iiudiuling any strong high lights and still 
more .so of photomiej-ographs, when tiiken on backed platers, renders 
their use }ilmo,st impertitive for such subjeeds, and not only for 
interiors including w'indow's, or trees and shrubs against the sky. 

Orfliochrom'itic Plates. It is unnecessary to say anything 
as to the theory underlying the use. of orthoediromatio plates, but . 
it ma\ be of interest to give some examples of their value, and 
indeed of their occasional indispensability in illustrating such, subjects 
as are photographically reproduced in agricultural publicafions. 
Incidentally it may be remarked that many orthftcdiromathi 
plates UQW on the market have a Very limited value owing to 
their comparative insensitiveness to the yellow and red end of the 
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uiul, w'here orthouhroumtisni is a,n ii(l\anl.iij»c, as it is in 
^svich a large percentage of cases, if. is nearly always worthwhile to 
Aiake use of a panchromatic plate. Given correcit exposure, a clock, 
and a thermometer, no more difficulty need be exirerieiujcd in the 
development of panchromatic ‘plates than of any others of the 
orthoe-hromatie, variety, and although, as has been pointedrout heforis 
t he ordinary plate of slow speed is easier to use and may be'generally 
recommended for this reason, no scientific worker will be sa,tisfied 
to use such plates when convinced that the best photograpluc 
representation of an object can only be obtaiiual by means of an 
orthochromatic plate. Using a panfihromatic phde, a light filter 
may he selected which will corri'ct the superior actinic power of fire 
blue end of the spectrum so as to give correct visual rendei ing of the 
subj(H!t. Thus in Plate Xl fig. (b) the yellow of tlie butteiEy 
wing is brought out by the use of a deep yellow s(,reen ; similaily 
in Plate XII fig. (b) the black fungal .spot on the yellow leaf 
requires similar colour correction. 

In some cases over-correction may be ne(!es.saiy to eirsure (lie 
ivpjiearance of slight colour difi'ereiKies whic.h would otherwise dis- 
i',])pear in half-tone reproduction. Plate XIIJ fig. (fi) .shows such 
over-correction due (o the use of a red smeen ; ha<l a yellow smevn 
Ijeen used the difl'erence, between the ripe and unripe crops although 
obvious in the negative would not be .so in the half-tone reproduction. 

Une of the nio.st valuable properties of the oithochromatii! plate 
is its power of improving the representation of a field crop without 
special reference, as in the above ca.ses, to obviqus colour differences. 
This is shown in Plates XIV and XV. It may be of interest to 
point out why this is .so and the rea.son is made more clear by con- 
sideration of the second example (Tobacco Plates XVI and XVII.) 
Much of the light reaching the lens, in this case, has come through 
the thickness of the leaves of the crop and, as transmitted light, 
has undergone absorption, losing spine of the blue end of the .spectnim. 
For this reason the ordinary plate can mi^ke but little use of it, 
so that many leaves and portions of leaves which appear well 
illuminated in the orthochronuitic plate are in deep shadow in the , 
ordinary plate, o\ving to the absence of any large quafttity of 

• 17 
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reflected light. It may perhaps be relevant to point out ^thai an 
exposure of sufficient duration to give full value to these heavy 
shadows, would have resulted in over-exposure of the high lights. 
In this particular case the u.se of a panchromatic plate even without 
any filter would have given a better picture than the ordinary 
p4te, but the additional correction afforded by the yellow screen 
levels up the shadows and tones down the high lights. A further 
difference between the rendering power of the panchromatic and the 
ordinary plate is due to the fact that the light coming from shadowed 
portions of such subjects a,s the above is frequently less rich in 
blue raj^s and wull consequently, have less actinic value. 

’ It is useful to remember that orthochromatic rendering may 
be spoilt by over-correction which may result in isochnymitism, 
that is by giving all the colours of the subject an equal luminosity 
value and thus producing an unnatural effect. This is illustrated 
in Plate XVIII where, the best rendering is obtained on the 
ordinary plate, the yellow screen used in fig. (b) being too deep 
in tone and, by •reason of its sharp cutting out of tlie blue end of 
the spectrum, producing over-convetion. and as described above, 
reducing the shadows in this (tase to insignificance. 

\Miei'e adequate representation of an object depends upon 
accentuation of shadow detail and of contrast between light and 
shade rather than upon orthochromatic rendering, the use of colour 
sensitive plates shcadd be avoided as tending to flatten the object 
by reducing contrast. An example is given in nate X where 
oblique illumination ,is also neces.sary to give solidity and relief 
to the representation. 

Plate XIX illustrates the value of light filters for- producing 
contrast in photomicrographic representation of objecits including 
fine detail in thin sectioirs, such as the cell walls in the subject 
reproduced, which without this aid are imperfectly represented. 
The selection of the appropriate filters must bo made with 
reference to the stains used in the subject. 

In conclusion it may be reiterated that for half-tone reproduction 
a really vigorous photograph is necessary and in order to obtain 
this the 'first essefitial is correct exposure. Until a large amount of 
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experience ^jf 'j^togrnpla^ subjects simUtrr to the one to be 
•reproduced! has obtained, no photographer can correctly 

estimate, by guesswork, the proper exposure, and the writer would 
suggest as absolutely necessary for attaining such experience, tlu3 
use of a lai^e number of alternative exposures with careful notes 
of the results ; these notes should be kept for refertsnce and «se 
in the future and will be found invaluable. An exposurl* calculator 
such as the Wellcome ” supplied by Messrs. Burroughs’ Wellcome 
& Co., wdth their photographic note book, is also most useful, where- 
as exposure meters depending upon the use of light sensitive paper 
are practically worthless in India. Standardization of materials 
and methods by cutting down the number of imceitain factors is 
also of value ; thus the invariable use of one make of each kind 
of plate required, one kind of developer, and even, so far as is possible, 
of one lens aperture, will be of help in obtaining results of even value. 
As a matter of personal experience the writer may strongly reot-ra- 
mend the method of development advocated by Messrs. Wratten 
& Wainwright which does away with inspection of *the plate dming 
development, and depends merely upon carrying this on for a length 
of time determined by the temperature of the developer, the speed of 
the plate, and the class of negative required, in accordance wifh a 
table supplied with each box of plates by this firm. It is claimed tliat 
this method will give the best results irrespective of exposure, and 
with this claim the writer’s experience ie in. agreement ; in addition 
it may be said that the error of under-development referred to pre- 
viously will be avoided by this means. With^regard to temperature 
and t he special and very serious troubles connected with photography 
in India arising fi'om this cause, it may be said briefly that when the 
developer temperature is high the use of pot. bromide becomes 
necessary and the iise of such developers as metol and rodinal 
whose tendency to produce soft negatives is accentuated under these 
conditions, is of doubtful expediency. Alum should be freely used, 
but if ice is available it must be rememljered that although a low 
temperature developer is an advantage, the tendency to frilling 
is gieatly increased by any Serious diSerences in the temperatures 
of the various solutions through which the plate passes. ' 



, THEffMANtmiAL VALUE pF POTSHERDS. 

r 

• , wv 

ALBRllT HOWARD, C.LK, M.A., 
linp^rittf Eco'iiomic liotattinff Pnna. 

1. Introduction. 

In pn^vions papers/ dejiling with cert ii, in ;is])e(*-ts of soil 
cK'mtioD {uul surfiLce dnuiuige in Indiu., Tdpronuc ]id.s been nunle 
to the effect of eliding 1o llie soil porous substances such as 
potsJierds (ihihra) and fraginejils of bricks (rom). The oc-curreiKU' 
of sucli materials, in suffi(uent (jiiantitv, in a hue alluvial soil has 
been found Uit ^Pusa to exercise a profound influence on tlie 
development of tin* plant and oji lhe yi<‘ld. (IroAvii on such 
soils, leguminous crops like gram (Cierr ariei 'nrum) and Java indigo 
(Indigofera arreciu) produce e. dee]) aaid (;o])ious root -system witli 
abundant nodules e.s well as hea.vv (u-ops of well tilled seed. Tobactio, 
when raised on soil rich in potslierds, d(?velops a great mass of line 
roots and a heavy yield of leaf. If green-manure is added to sucli 
land during the monsoon, the succeeding rahi crops benelit markedly. 

Tlie explanation suggested to account for tliese results is a 
simple one and is based on the fact that the roots of ])lants as w(‘ll 
as the soil organisms, require jiot only a large oxygen sujiply but 
also some means of getting rid of the large quantities of carbon dioxide 
they produce in the soil. Potsherds improve the aeration of alluvial 
soils and thus afford tlie means of an increased supply of oxygeji 
and nitrogen in one direction and of the escape of carbon dioxide 
in tlie other. When a crop like sanai (Crotalaria jmicea) is ploughed 
into -the ground during t!lie monsoon, a large amount of oxygen is 

' Soil ventilation, BuUcfin Jiastarrh Jfi^tltule, 1915, and 

Soil Honition in A;'rU'iill nn*. Httlletin tH , Agrirnllfn(d lltjucarch Inntitnte, Pum, UUli, 
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required to complete tlic decay of the greeivmaimi-e and vast 
‘quantities of carbon dioxide are produced. If this dciiay is not 
coinpleted by tlie time a rahi crop is sown, there is pieswit in tJie 
soil another competitor for oxjrgen and another producer of carbon 
dioxide in addition to tlie soil organisms and tlie gi»>\\'ing crop. 
Hence want of oxygen and excess of Ciubon dioxide fnay IxRjoTne 
limiting factors in giowdi and this would exjdaiji why it. is thii,t 
green-manuring so often fails on alluvial soils unle,ss they aie surfac.e 
drained and unless tlie soil is rich in potsherds. Simple as is this 
explanatioji, its (;onj])lel e |)roof, by the ordinary methods of academic 
research, is not without, diiiicultv. Seveial factors, interacting 
on one another, are involvtxl in sucli investigations- the })lant, tlu* 
soil, the organisms iji tlie soil, the amount of soil moist are present, 
the composition of the soil atmosphere in the pore s])aces and toe 
mature and amount of the gases iuid mineri',ls dissolved in me 
w'ater films surrounding the soil particles. Some of these facicrs 
are also influenced by the temperature. To tra(;c the various 
changes in com})osition of the atmosphere in the por(‘ spaces .md 
of the dissolved gases in thethiji films of water which bathe the 
root hairs of the plant aje ?nattei's of the A'ery greatest difficulty. 
Analyses of the air aspirated from the soil only tell us the average 
com})osition of the soil atmosphere. Such methods are ol)viously 
far too crude for inv(!stigatitig the changes in the gaseous content of 
the water films aiul the jolations bet ween this dissolved gas and 
the general soil air. 

While the complete elucidation of the paats ])lii,yed by 
oxygen and carbon dioxide in the soil are likely to fuove both 
time-consuming aiul laborious, the fact remains that a (ionsiderabh? 
amount of evidence exists in favour of the role of the potsherd as 
an aerating agent and of the practical value of this method of soil 
impjovement. It is pro})osed to refer to a jmrtioii of this (evidence 
in the present paper in so far as It relates to the manuring of crops. 

2. Tmo WATERS OF ,Tais. 

9 

]» February 1915, in the course of a journey thrqugh Oudh,* 
some excellent tobaccio cultivation was noticed near Jais in the* 
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District of Rae Bareli. Jais is an old Moliaiiiniedan city, standing 
high above the surrounding plain and the mounds on which the] 
town is built are composed of the remains of the ancient city of 
Udianagar. Large stretches of very fine tobacco (iA . rustica) are 
grown on the lower land surrounding Jais and the crop is irrigated 
froin wells, ’‘in the present year, 1 again had occasion to pass Jais 
and tooh. the opportunity of examining the tobacco cultivation. 
Thf soil M'as rich in potshmls, derived no doubt from broken roof 
tiles and water pots, aiul the w'ater used in irrigating the tobacco 
was said by the culti\’ators to be unfit for drinking but ver>’ gofxl 
for this crop, in the growth of which they stated very little manure 
was used. This Avas remarkable considering the ex(;elh.‘nt crops 
and the fact that this plant will not thrive in the -.usence of abundant 
nitrogenous food mateiiaLs. They said the Avell u-atei- was rich in 
sahpetio and that as many as foiuteen Avaterings are often giA^en 
to tobacco. A large sample of irrigation Avater Avas taken from a 
well standing in the centre of the tobacco area about a quarter 
of a mile from the nearest houses, the analysis of Avhicli has been 
carried out by Mr. J. Sen, Offg. Imperial Agricultural ('hemist at 
Pusa who has also kindly furnished me, for comjAarison, Avith some 
analyses of avcU waters at Pusa. The results are as folloAvs : — 

Table 1. 

Amlyses of well water from Jais and Paso. 



Join 


Pusa 

? 

Mattnesilim carbonate * . . 

26 39 

1 

7*6 

to 

16*200 

Calcium carlionate 

— ' 

15*9 

to 

25*000 

Magnesium Miilphate ^ ... 

10 80 

Nil 

to 

1*650 

OJeium Hulphatc 

45 50 


— 

> 

Imodium siilpbato 

Hodiiim caroonate 

1 01 

Nil 

to 

8*300 

— 

4*0 

to 

9 9.0 

Potassium nitrate 

34-67 1 


to 


Sodium nitrate 

16-55 f 

Nil 

0*036 

Potassium Miilphate 

— 

1-8 

t,o 

6*400 

Sodium chloride 

45-27 

0*9 

to 

1*600 

Total Nolids 

a 

179*09 

;io *2 

to 

66*986 

Ammonia (free) 

0'0212 ! 

Nil 

to 

0*03*2 

Ammonia (albuminoid) 

0-0143 

0-004 to 

0 039 

Oxygen dissolved 

0*7*250 1 

0-007 to 

0163 


(The n umbel'll i-ofer to partti in 100,000). 
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*T\\iP facts stand out very clearly in tliese iuui.Ivses— the 
^ 'high proportion of nitrates in the Jais irrigation water and tlie 
’amount of dissolved oxygen. In comparison, tlie Pusa well 'vaters 
are markedly deficient in these substances. The Jais Mells are 
situated in laud ex(ieedingly rich in potsherds, where tnc aeration 
of the soil is copious and where there is abundant oxygen *f or the 
complete «.leoay and nitrification of the orgiuiic mat’ter. It is 
therefore easy to understand how this well water (ioines to be rich in 
nitrates and in dissolved oxygen and why it is so imic/h vaJiK'd for 
irrigating tobacco. .\t Pusa, on the other hand, thi' alluvium is 
fine and clo.se and soil aeration Is difficult. Here the AN idl widers are 
poor both in nitrates and in dissolved oxygen and do not possess 
any parthudar nianurial value. The Jais water, in iidi'ition to its 
high content of nitrates and oxygen, is also rich in ])otasli. This 
can be accounted for, partly by the fact that in rureJ centres w.-od 
and cowdung a,re u.sed for fuel and partly by the incr('a.sed ..’.erat on 
of the soil surrounding the welLs due tf> the (juiuitity of potLsh.'rd 
present. 'I’here is considerable evidence for the belief tliat oin of 
the functions of the fungi of the soil is to collect jJiosphates .iiul 
])otash for tlie uise of the higher plants.* These fungi (ian oiJy 
work in the presence of oxygen and therefore the better and dt.per 
the soil itecidion the more pota.sli tliey collecd a,nd reiuh'i’ available. 

Irrigation water, ruJi in pota.ssiuni nitrate, is by no means :Jie 
only (tondition nece.ssary foj- ra,ising iieavy crops of tobacco of good 
quality such as the Jais product is said to j)Oss(“.ss. The soil nmst 
also have the proper physical condition for abundant and rapid root 
development and its tilth must be such that it is not de.stroyed by 
frequent surface flooding. Moreover, the (fTop must be provided 
with sufficient pho.sphates as little manuie is added to tlie soil. 
The presence of abundance of potsherds in the soil would prevent 
the destruction of tlie tilth by irrigation and would also facilitate 
thorough drainage and thus promote aeration. This in turn would 
provide the soil fungi with oxygen and tfms assist indirectly in the 
collection of phosphiites for the tobjie.co. 


MaiHiiall Ward, Dhen^t in PlatUs, 1901, pp. 60 08 
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TJie Jiiis tobacco fields can be regarded as a natural .rnanure 
facjtory in whiijh nitrates, potash and phosphates are produced' 
in sufficient quantity for (uops like tobacco, maize and poppy whicli' 
are all grown on the lands in question. In spite of tlie fact that 
maize is followed by tobaiico or pojqiy the same year and that a 
relatively smidl amount of manure is used, tlie tobacjco (jrops are 
luxuriant and fhe cultivators are obviously jirosjierous and well-to- 
do. The sources of th(‘ nitrogen and minerals used by the crops 
are evidently the croj) r(\sidues and the manure supplied for tlie 
maize crop. That tliis organic matter pi'oduces sucli excellent 
results is, in all probability, a consequence of the copious aeration of 
tlie soil prodiKunl by the greid numbers of potsherds present. That 
the crops do not make us(‘ of all the nitrates formed is s(^en by the 
composition of the well water used in irrigation. 


3. Some otuer Indian nitrate factories. 

The potslierd area round Jais is by no means tlie only natural 
nitrate factory oin Indhi. Well waters, ri(di in nitrates, o(;cur 
elsewhere near villi’.ges and towns in the plains of 1 ndia and also in 
Gujerat.^ in all cases the aeridion of t lie soils i*ound these nit rate 
(jontaining wells is good and, in many instances, potsherds or brie.k 
refuse occur in large (juantities in the immediate neighbourhood. 

Natural nitrate fa(-t(>ries are common in sonu^ tracTs of India 
in the absence of w(dls. Thus in North liihar, the manufa('.ture of 
potassium nitrate* is a well-known industry and as many as 20,()nt) 
tons of this substance are produced annually.^ The saltpetre 
is formed in the so-called nitrous earth and is sejiai^ated by the 
nfwias from other salts which occur mixed with it. This nitrous 
earth is found mostly oh the high lands mand the villaffes which 
contain potsherds or brick fraynients, Tlie potassium nitrate is 
derived partly from organuj nud-ter and jiartly from the aslies of 
wood or cowdung ]>j*oducetl in large quantities in tlie villages. TJie 
abundant soil aeiat ion bi ouglit about by the potsherds provides the 
nec^essary oxygen for the soil organisms including the nitrate 

’ Afjnci(lt<u'ftl ii<». J4, 181)5 

* The CumiiLcrcutl Hiudua^ oj India » 191)8, }>. 972. 
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producipg bacteria. In tJie presence of organic matter, wood aslies 
and moisture and under tcmpeiature (ionditious which favour 
intense bacterial activity, nitrification is rapid and potassium 
nitrate is produced in abuulance. The evaporation of the surface 
moisture during the dry season; combined witli tlie rise of tlie. subsoil 
water by capillary action, leads t o an ejlloresijence of aaliiiomaUer 
on the ground in which saltpetre is one of the cliief ciTustituents. 
Such accumulations of Sidts, rich in nitrates, largely occ.uV in areas 
where potsherds art* abundant and are naturally cpiite different 
from those met with in a-lkali lands. One fatitor, however, winch 
obviously limits production, has hitherto been forgotten in 
c.onsidering these, natural nitrate factories. This is the aerating value 
of the potsherd and the fact that without a copious air supply, ra})id 
nitrification is impossible in the soils of hs'orth Bihar. 

4. SoMK I'KACTlt'An APPLICATIONS. 

The practical applications of these facts to Indian agriculture 
must now be considered. » 

The mannrii)(f of ivells. As is well known, theie is a large area 
of intensive cultivation surrounding the towns and cities of Itulia 
where la.rge crops of vegetables, sugarcane atid tobac.co a, re g:- .wii 
under well or river irrigatioji. Jlanure is oblaittable, and jtolsherds 
iire abundant. The manure is usually added to the soil but no use 
is made of tint potsherds. More could be got out of the present’ 
supplies of matiuro and this garden cultir'atioji (iould he extenilcd 
by dressing the land with the potsherds and, by using sonu* of the 
organic matter for manuring the wells. It would not he a difficult 
matter to make, in the soil round a, well, a ])ottissiuni nitrate factoi|>' 
the products of whudi could he directed either into the w(*ll itself or 
into the irrigation stream. 'The soil round the well would have to 
be mixed with the right amoiuit of ])otsher(ls and organic juatter 
and ashes would have to he added to the. surface soil fjom time to 
time. The details would have to be worked out experimentally and 
then applied to actual working conditions. Possibly some Chemist 
in tin; Agricultural Department in search of an interesting })robleni 
might consider this question. 
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The j)ertmneid improvement of the hind. It is evident that in 
the soils of India, tJie great factor in manuring is aeration and that 
Jethro Tull’s great generalization that “ Cultivation is manuring ’’ 
(;an now be extended and summed up in the phrase — Manuring is 
aeration. The potsherd enables us permanently to aerate the soil 
and thus make the best use of organic matter including gi'een 
manures. *' The potsherd by itself lias only a limited value but 
with the help of small quantities of organic matter, extraordinary 
results are possible as the example of Jais is sufficient to indicate. 

Preliminary ex])eriments have already been completed in the 
Botanical Area at Pusa wliich prove that, in the gj’o\vth of tobacco 
after green manure, the addition of potsherds to the soil is profitable. 
W'ith potsherds and surface drainage, a yield of 24 mauuds to the 
acre of cured tobiicco leaf has been laised on green manure alone 
and the produce, cured on the ground in the country fashion, has 
been sold to Ihe Indian Leaf Tobacco Development Company at 
Dalsing Serai for fifteen rupees a maund. The veJue of the crop 
was therefore three hundred and sixty rupees an .acre. To prove 
the manurial value of potsherds however, something tnore than 
small trials at a Plant Breeding Station are required. Accordingly, 
arrangements have been made to treat ten acies of land on the 
Dholi estate with potsherds and to coinjrare the produce of the land 
for some years with the initial capital cost of t he treatment. There 
is little doubt that the results will establish this method of soil 
impiovement and will suggest a useful means for the investment, 
in the soil of India, of much of t he capital now lying idle in the 
country. 



DRY-FAKMTNG AND ITS POSSIBILITIES ' 
IN INDIA. 
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BY 

C. V. SANK, B, A(J. (Univ. of Bombay), M. Sc, (Univ. of Wisconsin). 


FoREWOKJ) 

Lkss tluiji R generation ago the very large area of laml u 
Western America, not susceptible of irrigation, was looked ujion as 
prae.tieally worthless for agriculture. Since that time many millio is 
of aiues of these apparently inhospitable tracts have been convert .^d 
into fruitful fields. This is due in ])art to the venturesome ene::;;v 
of the American people, but chiefly to the (;i!.reful investigation of 
the natujal conditions of the territorv in (piestion and the ap]>li- 
cjfction to the land of well-known scientific principles, followed >y 
further investigations leading to the discovery of other principles, 
of profitable appliciciition to the reclamation of non-irrigable arid 
lands. 

Colorado established, more than eighteen yiiars ago, a brain h 
station for the study of dry-farming. Utah,, a few years later, 
established a large series of experimental dry-farms, and inaugurated 
a series of studies on the relation of soils and crops to water. Other 
states have done similar work, and the Federal (Tovernment lias 
(jonducted foj* sonu^ years very comprehensive diy-farming studies 
in the great plains area of the United States. On the basis of such 
work the Americ.an people have been able to conquer, without, 
irrigation, much of tlie great territory Jyiug under a light rainfall 
in what was formerly known as tlie Great Afnerican Desert. 

In talking Avitli students /rom India it has always seemed that,, 
while the problems of India no doubt differ considerably from those. 

( 268 ) 
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of western United States, tJie same process of careful study ofrexisting 
conditions and the wise ap])Ji(!atioas of soientifii; principles, old or , 
new, should make i( possible lo make the agriculture of India, not 
under irrigation, much more certain than it has been formerly. 
The problem is a, large one, whether in India or Amerien, hut the 
o.v|>eriun(!(i <91' western America learl.s most of us w/io have been 
(!ngage(( in the work, to believe that the methods of .study followed 
so succ(‘.ssful]y in recdamiing the American arid lands may l)e 
employed with success ^\]^el•ev(^r a low oj- uncertain re.infall is a 
determining condition. 

Mr. (!. V. Sane, th(! anllior ol this paper, has spent much time in 
the dry-lanning areas ol the United States and has had unusuii,! 
opportunities to bee.onie acejuainted with th. methods practisetl 
on Americiui dry-farms and in dry ftirming laboratories. His 
de.s(Ti})tion ol .Anu'rican dry-larining is a(s;iirat(\ lb* lias empha- 
sized the leading ])iinciples of the practice. It is to be hojied that, 
the dry-farming regions of India may be heliied by such studies 
and discussions*as this one by Mr. Sane, and tliat especially thev 
may lead to an enlargement of the scientific study of drv'-farming 
under the conditions of India. We of the far west may thus learn 
much of the far cast, and we still have much to lecin. 


Loo.vx, Ut.au, U.S..\. 
October, 1!)15. 


JOILN’ A. M’lDTSOK. 


IntmlmiioH. 

Op the many things that compel the attention of agriculture,] 
investigators in India tow'ards American agriculture, one thing 
that has ilone more so than any othei is the system of dry-fanning 
and its success in .such a short time. By the very nature of things 
in most cases the little knowdedge that w'c have on the subject is 
principally derived from books and oonsequently is very rudimentary. 
For though the principles of dry-fai'ining an; knowm all over the 
w'orld the aid, of manipuliiting the soil so as to make it an economical 
,pra<;tice is fraught, with many dilliculties. The necessity of dry- 
_ farming in India is becoming more and more apjiarent ev(*ry day. 
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How'evei;, :i detiiiled study of ull tlie fiudois cliieHy soil iuid soil 
moisture— that arc associated with its success in parts wIumc it is an 
’established pracitic.e should loifically precede the undertaking of 
such au investigation. 

The writer has not only iinide a careful study of tlie literature 
on tlie subject but lias also had th(' jirivilege ol. contj^oTing wi^h 
persons whose, opinions are an authoritv in the matter, in .fddition to 
visits and observiitions in tlie fie]<ls. A few figuies dc'afing witli 
ineclianical analysis, moisture study, etc., have been introduci’d. fAr. 
ajiart' from rainfall wliicli can easily be ascertaiinsl, these are the most 
important factors, knowledge of whiidi is not so easily fivailable in 
India. They illustrate the basis and extent of the. system and Will 
prove of gieat help in laying out the work. I''<>r alter all is said and 
done clsewliere the only way things can be answered definitelv .s 
by independent e.xjierimenting. 

^riiat dry-farming is a world probh'iii is now uniyersal'v 
conceded. The following table taken from " Dry-Fai ining by .1. \. 
Widt.soe illustrates this tact. , 


Character of farniiiig 
Aiiil 

Hemi-nrid 

Siib'huniid 

Humid 


Annual precipitation 


Under 10'" 


Ih oportion of oai th*M 
land Rin face 
per cent. 


1*20" 160" 
above 160" 


It will be seen that 5;) per cent, of the lajid surface is under a 
rainfall of less than 20 iiudies ; thus necessitating the adoption ol' 
dry-farming for tlie profitable growing of crops. It is estimated 
thiit about 10 per cent, more receives ji ra-infall of from 20 to liO 
inches, making dry-farming e.sseiitial. ^J’hns a total of 05 per cent, 
is directly concerned in tlie metliods of dry-farming. Only a very 
small portion of this area can ever be completely reclaimed by 
irrigation practices, leaving flie major part of the Avorld always, 
interested in the movement of dry-farming. * * 
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The study of this system becomes even more iniperative in 
countries like India where the rainfall over a portion of the country 
is not only short' but extremely precarious, and when one comes 
to consider the amount of land in India w’hich would benefit by 
a knowledge of dry-farming it becomes rdivious that it is up to us 
to lose.no opportunity of obtaining information w^hich may assist us. 

I 

History, definition , and a few contentions reyardiny 
Dry-Farming. 

Though America has the privilege of bj-iiiging dry-farming in 
limelight to-<lay, it is not to be supposed that it is a new system. It 
is rather a new na?ne to a system w'hich w’as practised in ancient 
days. Unmistakable proofs have been found to-day in all the 
ancient civilizations in China, Mesopotamia, Egypt, Mexico, Peru, 
etc., testifying that it w'as a practice in vogue in those days. 
Kearney' in a study of dry-land olive culture in North Africa quotes 
Tunis as an example of the extent to which it must have been 
practised in th'^^ old days. Though Tunis has a rainfall of only 
about 9 inches on an average, the ancient ruins are of sucli a nature 
that the territory was probably densely populated. No evidence of 
irrigation practice is found and the inference is that the territory 
must have been dry-farmed. But, however well known the art 
may luive been in the past, the credit of reviving and awakening a 
general interest in this almost forgotten and neglected praclico 
must be aw'anled to those American pioneers who wended their w'ay 
westward and subdued the desert in their struggle for existence. 
The curious thing in this (ionnec.tion is lhat these methods w^re 
simultaneously and independently developed in Utah, California, 
Washington, and the Great Plains. How'ever. to Utah belongs not 
only the claim of precedence in this respect, but also the credit 
of being the first to undertake a complete study of the behaviour 
of soil moisture w'hich has given the,system a scientific basis it enjoys 
to-day, mainly through the researches of Dr. Widtsoe and his 
colleagues. 


liuUHin No, Jtt/i ofihp Jiurmn of Plant Jmlmtry, U, S, Dfpt Ayri. 
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Pr. ,Widt8oe defiiips dry-farming as the protitable production 
oi useful crops without irrigation on lands that’ receive a, rainfall 
*0t 20 inches or less. In districts of tonential rains, high winds, 
unfavourable distribution of rainfall or other water dissij)atiug 
factors, dry-farming is also properly applied to fanning without 
irrigation under annual piecipitation of 25 or even 30, inclves. 
large part of the dry-farni territory in India will fall into»lhe latter 
category where conditions of water dissipation are far more 
pronounced in every particular than the worst that could be obtainhd 
in the United States. 

Even in the United J^tates, however, there is a coiwidcrable 
difference of opinion regarding ihe best way of ajiplying the principles 
of dry-farming to soil management. There c-omes in the wake of 
every scientific discovery a 1 ime when undiscerning and unscrupulo is 
persons make unwarranted generali/ations with consequent 
failures and confusion, and in a country so much given to sjieculati >n 
and exploitafion it must have as.sunied rather serious projiortii'us 
to compel the Federal Dejiartment of Agricultme caution the 
uninformed public agaiirst .some misconceplions whifdi it would 
be well to quote here 

“ Jn (ionclusion, the following mi.sconceptions concerning r' v- 
farming may be mentioned as among the most serious : (1 ) That anv 
definite ‘system’ of dry-farming has been or is likely to be estiiblished 
that will be of general applicability to all or any considerable 
part of the Great Plains area; (2) that any hard and fast rules c.;n 
be adopted to govern the methods of tillage or^of time and depth of 
ploughing ; (3) that deep tillage invariably and* necessarily in(u-eas(‘s 
the water-holding capaiuty of the soil or facilitates root development ; 
(4) that alternate lu-opping and .summer tillage ciui be lelied 
upon as a safe basis for a jiermanent agriculture or that it will 
invariably overcome the etfects of seveie and long-(!ontimied 
droughts; and (5) that the farmej- can be taught by given rules 
how to operate a dry land farm."* It is well to keep these 
in mind in India also. 


Ysar-Jiook o/ fhe UtiiM States of AgrienltHre, 1911, 
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Som note worth j! jocts iy;i(ir(fiiifi Amm'ruii nf/ricifltiar. 

f 

All agrianltnml spe^ckllst from AinoviciL who luid been in Jndm 
as recently tis 1914, observed to the writer timt Ihe one thing that 
striiolc him more thtiu anything else ^\hile there wes the very poor 
physiu^j^I (u>i^lition of the soil, an observation tliat is entirely true. 
By contrast the condition of Anieriean soils ready for planting 
is almost' perfect. But this is due more to the suitaldi^ climatic 
coralitioiis by which good f>hysi(jal coiulition and preparation of the 
soil can be secured e«}osily and cheaply Evim if the worst came to 
the worst the soils here ovei* tJie major part of the (^outiiuuit never 
dry'out or bake so hc.rd that- cultivation becomes imjiossible aftei 
the crops have been ofl* tlie ground for any length of time. As 
an additional helj) there are the autumn rains lollowed by the snow. 
If (ionditions do not allow the autumn jdoughiug of the soil, as the 
snow thaws in the spring, the soils come in just an idea.! condition 
for preparatory tillage. It is this factor that makes preparatory 
tillage so easy ^-in America. On the other hand in India where 
the crops (tome to maturity, not so much on account- of low 
t(miperature as is the case here, but. due to the sli(?er lack of water, 
the roots dry up the soil in such a wholesale fashion that cultivation 
becomes only possible if attempted below the zone of block formation 
which is in many cases more than a foot deep, and even aft(*r this, 
tlie soil never falls into that crumbly (iondition so (\ssential for good 
cultivation. Even granting that a deep ploughing is conducive 
to a better physical condition and a better absorption of water than 
no ploughing, the oidy way it (?ould be accomplished is by machine 
ploughing, which unckr the pnisent condition of agriculture does not 
seem easily possible or profitable eitlier. In India we have 
practically only tw'o sowing seasons : the Mar// and rabi, but these 
are usually not co-existent, being found in widely separated terri- 
tories, so that there is but one sowing season in a particular locality 
and sin(?e the farmer is always afraid of a short season the sowing 
of all crops has to be done post-liaste in order that the crops may hav(‘ 
a chance .to mature. Any one connecfied with agriculture in India 
kno\vs liow* feverishly hurried these operations are. As a contrast, 
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here* in ^Amerioa the farmer is practically farming all *tlie year 
yound, ami often starts his crop the year heJore* as in the case of 
\vinter wheat, clover, or sowing in the growing crop in the fall, 
viz., cowpeas in c.oni oi* cotton, etc.. Thus he sows his wheat in 
autumn, it grows a little and rests during tihe winter iind(*r tin* snow. 
In spring, wlien the snow thaws the wheat begins to grow, again. 
In spring, lie may sow rye, oiits, or barley and soinl dowA the field 
to clover which may occupy the land from year to year. 1 Afferent 
seasons for sowing corn, potatoes, tobacco, clover, wheat and otlrt*!* 
crops are possible owing to the moisture conditions being such that 
a great variety of (U'ops (jould be grown, I'csultijig in tfn^ most 
])rofital)Ie use ol the farmer’s time, and in wnnter, wlien field o])eratir)Us 
are at a standstill, lie attends to his dairying or stock feeding. 
Thus conditions are rarely so devoid of the ne(*essity of doing c. ly 
agricultural work as they are in India >vith a growing season of 
only three or four months in eac.li lo(u?.!ity, and hard, hot <!ry 
WTather for t he 7*est of the year preventing (‘.rops Ix'ing taken fi^ ni 
season to season iindei- dry-farm conditions. , . 

Other fa(}tors are the size of the farms, their contiguity, i ne 
])resence of the laiiner on his estate, the business and conpietilive 
condition of farming, the supply of effective macdiinery, and the leyge 
capital available to the farmer for investment. All of these are 
important, but the peculiarity of the season a.s explaine«l above, 
the possibility of distributing cro])S over a l;>.rge [)eriod and above all 
the absence of sociul or religious prejudices such as crop up in eve^v 
attempt at ini])rovem(*nt in India are matters J hat are not so well 
realized there and hence are grouped under a se]>arate lieaditig to 
give them the proper empliasis. 

Basis of Dry Farm iarj. 

The theorctic.al consideration of dry-farming beoiinu^s only 
possible after the water cost of ^ t lie dry mat ter is worked out. 
Extensive J*es(>iarclies liave been made in this respecjt by Wollny 
and Hellriegel iii Germany ; by Lawes and Gilbert in England ; 
by Kin^ and Widtsoe in America and Leather in India. Witli the ^ 
exception of l)rs. Widtsoe and Leather the rest have* obtained 

• 18 
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their results under uonipirativelv Iminid coiuiitiom. ^ Aliking 
allowance /or the cxccKsive use of water iiHed in his work Dr. Widtsoe 
places the avei'age uater cost per pound dry matter at 750 pounds'. 
A dry crop of wheat in India normally yields about WO pounds of 
wheat per acre and taking rougidy the same weight to represent 
straw- we liave a total weight of 1.200 pounds dry matter. The 
amount dt water required for this yield of grain and sti’aw would 
be 900,b'00 pounds at < ho rate of 750 pounds of water to the dry 
pbund. Since one iiudi per acre is equal to 220,875 jiounds the 
amount of rain actually used by the crop is about -1 inches per acre. 
There is no doubt that the farmer will be more than satisfied if he 
can raise 000 pounds of wheat every year witii certainty and since, 
the amount actually required represents only from 15 to 20 per cent, 
of the average rainfall, tfiere is no reason why with better methods 
of handling the .soil than are now in vogu(>, larger yields could not 
be secured in normal yeai's or profitable ones in ])oorer seasons. 

It is well known that all the moisture jiresent in the soil is not 
available to plants. It is only that portifin of the soil moisture 
which can freely move under the force of (iapillaiity that is useful 
for good plant growth. The. point below which the moisture in the 
soil is not available to crops is designated the wilting co-efficient 
and the extensive researches of Briggs and Shantz,' show that this 
is a soil constant and bears a constant relation to the hygro.scopic 
co-elficient of the soil and is higher or lower according to the type 
of soil. Up to a certain percentage beyond this wilting co-efficient 
even, the water moves with some difficulty and does not replace 
what is used by the crop as readily. Tliis point, Dr. Widtsoe’ 
suggests, should be?- called Lento-capillarity. In the particular 
soil he was dealing with he found it to be ]2‘75 per cent. It is 
only the difference between this and the field capacity of the soil 
for holding water that can be ssrfely relied upon for plant gi’owth. 
The field capacity of the soil does not necessarily come to its 
maximum capillary capacity owing to the constant pull of gravity. 

It has been put ftt 19 per cent, in a clay soil to a depth of 8 feet ; 

I Built-in Ko. B30 ofth« Bureau of Plant Induetry^ U, S, Dept Agri. 

• Bulletin No Utah Agri. Expe^'iment Station, p. 
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18 per ceut. for the clay loam ; 1« to 17 per cent, for loaius and 14 
to 1 4-5 /or sandy loaius. Considering 7 per (ient. as a fair percentage 
• of readily available moisture one acre foot of .soil with a weight of 
3,500,000 pounds will supply ‘>45,000 pounds of water and a depth 
of 4 feet of soil would give. 980,000 pounds of available watei' and 
referring to calculations previously made, a uniforni depth of 
4 feet of clay loam or loam soil will hold enough moistuve to gm- 
600 pounds of wheat per acre. So much, however, depeudsufixui the 
uniformity of the soil, depth, and its moisture ca})ae,ity that it. is 
iflle to .speculate any further until a .study of th(\se fae.lors is made 
a<-tually on the .spot and results obtained. 

» 

Factnrs u)tderli/imi Drij-JtirnuHf/. 

The sucoes.s or failure of dry-farming methods depends on the 
resultant of the two opposing forces of pre(!ipitation and dissipation. 
Where this margin is large enough for crop production and <!an 'x' 
obtained at. a reasonable co.st, dry-farming will be a sue-Ciess. 'fae 
system would not be etionomical though po.ssiNo nlpne the cost for 
obtaining this margin will be .such as to .seriously interfere with t!ie 
])rofits. (VuLservatiou of moi.sture at reasonable (iost is, (herefoje, 
the basis of the .system. The }>ositive factoi’s in this retentio)) of 
moist ure are the .soil and rainfall and the opposing forces are (‘vajiora- 
tion, seepage and surface-wash. 

Owing to the tropical (dimate in India over a large part (d the 
year the losses due to evaporation depending ujani temperature, 
sunshine and winds are far more serious than in the cooler climate 
of the ITnited States. The loss due to seepage ’is very slight, if any. 
Owing to the cyclonic and torrential (dxaractei v)f the rain, however, 

. our greatest loss in India is in the surface wash, when Jiot only th^ 
rain but a considerable proportion of our be.st soil also is Io.st with 
it. There are no figures at hand showing what proportion of rainfall 
is lost in this way in India but ^obseiwations made by Briggs and 
Bclz* in this country' show that as high as 80 per cent, of rainfall 
of 2'5 inches falling in 4 hours on a nearly level summer fallowed 


JlnlUiin No, 188 of the Jh^reav of Plant Industry^ U. S. JJept, Agn , , 
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field was lost by nm-off. Th« only thing that partly compensates for 
these heavy losses is the oo/nparativ'ely larger rainfall, but whether it is 
large enough to allow 1 Jiis loss (;an only be determined by actual teste. 

Conditions for water conservation are ideal in Utah where the 
dissipating forces are comparatively deelile and tlie character of the 
precipitation, and soil is such as (o give maxininm eflhiiency for 
storing wf?(.er. 

It in^y be nientioneil here tluu <n'ops in these highly developed 
dry-farming regions do noi, de|)end on one. two or even three feet of 
soil but search down to a depth of 8 feet or moie in the soil in quest 
id moisture. Not only lias moist me f)er<;entage been found to liave 
been affected to this depth but wheat, roots liave actually been 
traced to a depth of 8 feet. Observations in North Dakota and 
Nebraska, though different in other respects, show tliat roots can 
feed to a deptli of (i feet positively, ami ])ossihly at lowoi' depth.s. 

It. is this deep rooted habit that enables llie crop to yield at the rate 
of 900 pounds of wheat per a(;re on an average, on n rainfall of less 
than 15 iiuilies^ and crops of :t,000 pounds of wheat to the acre 
have been raised while 2.400 jromrds is not at all unusual. 

These factors of the uniformity and depth of the soil Avidoli are 
so essential for success in dry-fai'ming are often lost sight of or not 
as well emphasized as they ought to be in other jrai'ts where attempts 
at dry-farnring are being contemplated. 

The subject of soil nroistnre Iras nowhere beett studied as 
completely as in Utah and most of the figmes reproduced her'c ai-e 
therefore drawn from tire investigations at the Utah Agricirltural 
Exper’inrent Station. ' 

Professor Chilcott wlio is itt charge of the Office of Dry-land 
Agriculture of the Uu'ted States Department of Agriculture divides the 
dry-farming area in America in two sectioirs — (1) Tire Great Plains 
and (2) The Great Basin or [nter-irroirntairt. The Gi’eat Plains area 
lies principally betAveeu the eastern slope of the Rocky Mountains and 
Missouri-Mississippi Valley. It was in this area that the early reverses 
were experienced and it is this area where a few of the misconoeptions 
quoted above took shape. It is characterized by a scanty winter 
precipitatiob, the bulk of the rains coming in May, June, and July. 
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The^ Great Basin ot Jiiter-rnountain. Region lies between, tbe 
Ro(5kies an<l tlie Sierra Nevada Mountains and ‘the precipitation, 
‘though usually less in amount, is chiefly received in the winter and 
spring, leaving the summer rainless. It is in this region that dry- 
larming was first found successtul and subseipiently developed 
to its present magnitude. ^ 

Though the moisture study has been made in various parts of the 
Great Plains and the Intei -mountain Region, tli(‘. soil sfudy is 
nowhere as completely done as in Utah. 'I’lie following table* sltows 
the approximate meclianical analysis of the various kinds of soils 
where dry-farming is suwessfully practised in this Stiite. 


Average 

mechanical anah 

/sis to a depth 

of 8 fecL 

County 

CoarKe matter 

Satid 

Clay 

Iron County 

1*55 

31*79 

11 91 

.Tuab ,, 

6 07 

29-r)3 

i:.*69 

Sun J uan 

0‘S7 

r)6*4(> 

9*15 

Sevier 

31-31 

65:51 

11 -Si 

I'ooele 

7-28 

;5S(55 

12 91 

Wa^^hington 

1(5*28 

67*86 

10 16 

It will be set 

m that ljuite ih v* 

M'iety of soils c}*, 

• 

M b(‘ utilized iiud 


llte <lry-farming system. 

*rhe great uniformitr' of tlie soil can he .semi trom the lollowin" 
table® representing a depth of 8 feet. 


Size of particles 


0*1—0 mm. 
n*03*J-0-l 
0 * 01 - 0^32 ,, 

l)*CK«*J*-0*0I ,, 
(KlOl— 0-0032 „ 
less than 
O'OOl inni. 


Vohh(ii FfjrnL 

Soil sepai’ato 1 2 H 4 o li T 8 

GoarifC tiiaU-oi' I1 ‘''j 9 .I’Sil 8*94 4*48 0 85 2‘liO 8(i4 8*93 

Fine matter . 9 1 41 94*71 91*06 9,'> 57 94*1.5 97*8(1 96*36 96*07 

Modiiiiiisaml ... 8*93 8 99 8 73 11*36 1.5 69 8 93 16 28 12-60 

Fine saiul .. 20*05 16*48 12-38 18*87 19*48 27-40 25*00 22 .52 

00.11*86 silt ... 21*97 19-75 •i2*.53 1J06 23-88 22 27 21*88 21-91 

Medium silt 15 -i:! 16 78 17.53 17-25 15*43 1.3*51 13*73 17 (« , 

Fine silt . 1 1 -25 14*88 14*47 IS 93 8*01 7*11 S*rrfl 9*74 

Fine clay 1.5*73 16*88 18*62 20*08 12*41 10*03 1*2*18 13*29 


Soils \n the (ireat Plains a,rea arc more v^u‘iiit>le in <*hHriU'.t;er 
and depth and where sliallow or niider-lain hy a ])oroiis sub-soil, 
results in the noiiservat ion of moisture are discouraging. 


‘ JiitUetin No, JJt-ah Af/ii Station. 

■ Bulletin No. 7.^-, Utah Aijii. En'perwtent station. 
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The liniite of soil iii a section of the Qieat Plnins' rfu'e.i 

.•ue as folJowb : — 

Sivo of particles 

Soil si^wrate 

1 

a 

8 

1 mm. and above 

Fine gravel 

... 

... 

... 

O’fi—l ram. ... 

Coarse sand ... 

01.0-4 

00-2 

0-0*1 

0-25~C'5 

Medium sand ... ^ 

trace-O'Jl 

(M}*8 

O-O-l 

0-1-0-26 

Fine sand 

1-5-H-l 

1-4-12-3 


a-06-0*’ 

Very fine sand . 

43152-0 

37»8.654 

42-7.882 

0i)05~'05 

less than 

Silt 

3H-148-6 

82*5-42*7 

J0*4.46*8 

0*005 mm. ... 

Clay 

5-8.10-r) 

6 7-11*7 

8M.S3 

' The importanee of 

liaving iinifoi 

nil and 

deep soils eaii hardly 


be ovcr-estiniiited when it is realized tliat it is the dej^tli wliieli 
lias made tlie growth of reiminerativo crop* nossible ; by the deej) 
roots they seiir) out in seanh of moist u riie-t the storage of 
moisture affects to a dej)thof 8 fee^ at leas d jiossibly furtlier can 
be seen Irom the tafh “ re|>rodu(*ed Iadov 


All fHoislffrc jK^rrenhifie on Ihr basis nj drf/ soil. 


Season 

(after) 

1 Date 

1 

•) 

8 

4 


i “ 

j 7 

! ’ 

1 Average 

Harvest 

Storage 

Sept. «, 1902 

1 Apr. 24, im 

0*.^7 

19*29 

7-32 

19*08 

8*17 
18-S8 , 

S 55 
10-99 

8*20 
i 18*61 

1 

1 9*29 
12*62 

10*10 
; 12*24 

j 12 37 

8*;T6 

15*03 


Increase 

12*92 

11*70 


S--I1 

' r>*;^7 

; S 33 ! 

2*14 

1-99 

I 7*07 

Harvest 

Stoi'Rge 

Aug. 2*. 1806 

May 11, 1907 

s%*ri 

IS17 

7*0:i 

IG7.S 

vS 12 

17*98 

9-00 

10*SS 

i ii*;io 

1 10 59 

1 10-75 ' 
16 *2.0 

9*59 
14 98 

7 * 9:1 

9*20 

10 38 


Increase 

9S4 

9*10 

9-54 

7*22 

5*29 

5*59 

5*39 

5*55 

7*18 


Jt- lias been (\stiniated that on an average inore llian (iO jxu- 
cejil.of tlie preei])itation (Xiuld be stored in the soil to a depth of 
S feet ill Ulali. Bmi'' working on tlie Western Nebraska soil in 
the Gi'eat Plains ai'ea has found tliat, if jiroperly eared foj*, tJie 
sunimcr-tilled or siiinlner-fallow soils showed from o to 7 inches more 
\vat.er in the first 0 feet of tlie soil than similar land growing a (jroj> 
and the watiu* so stored has been ecjual to from 40 to 50 j)er cent, 
of the rainfall foi* the same period. Further that the moisture 
ooiitent- of the suninier-tilleil land increases below the (5 feet area 
and is apparent to a depth of at least lO feid-. 


' Hulletin No* U Nebraska Nxpeumsnl SUttion. 

• Wultfioe, Dry’ Farming t p, 114. 

• JinlleUn No. //^ Nebraska Kxpsriment Station, p. 51. 
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It ii ijnpreasion that soils to be retentive oi’ moistiite 

must be i^the^ clayey, clay loams or at least 6ilty loams. That 

’ biich is not however the case, in fact, a lighter kind of soil is more 
amenable to diy-farming, is tlie observation of many. 

Professor J. W. PoweJl in .his book “ Arid Ltinds ” states tliat 
a sandy soil seems to be an essential condition for dr’ij-farryiiig. 

Recently Clothici’ working in Arizona found tXat " The 
lighter types of soil have piwed to be nioie valuable for dry-farming 
than the heavier ones." . 

That sandy soils are not debaiTed from dry-farming methods 
can l)e seen from m tual determinations of soil inoisture pre.sented 
in the following tal - 


Projjorlioii of ntinfoU stored in the soil. 



Porcentatje of water 

iUinfall during 

Percentage of pro- 


in soil in autumn 

the period of 

eipitation found 

hoii 1 y p0 

(after harvcMt) depth 

oonseivation in 

in the spring to h 


of S feet 

inches 

depth of 8 feet 

8andy loam 

S‘78 

‘ Sol 

>-7*59 


7‘H7 

7-94 • 

a5'56 


H83 

12*14 

82*61 


9-10 

16-17 

62*77 


11 03 

6 -38 

67-56 

Olay 

12*34 

' 10 51 

9:4-17 

Hand 

7*7.^ 

7-27 

64-80 

Loam 

11-91 

10-65 

SI 1:4 


The observiiition the.t lighter tv])es of .soil aje more suitable 

10 dry-farming is possibly due (o tlu* fact that tlie lieavier soils 
though tiiey he.ve e. large moisture jwreeutage, acitiially allow 
a smaller sup])ly to (Ik* f*'(*ding rooiis, <»wmg (o tin* wilting oo-eflioieu( 
being higher in the heaviej- soils than the lighter o)ics. 

Burr working witli ( he Western Melnaska .soils has found tlu^jt' 
water above 7 per i;ei'(. of the soil onl\' is availabli* (o ejops. Taking 
17 per cent, as the field <!a])a<!it.y of tlie soil, the portion available 
would be 10 per cent. (17-7 percent.). 

The wilting co-etticient of !i clay will be somewhere about 

11 per (ient. and taking its held c.ipaoity* at 10 per cent, there will 

' JiullHin No, Arizona Agri- K,cp*o'im«nt Utationy p. 797. 

• Widtwoe. Dry- Farming^ p 121. • ^ 
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be left ouiy 8 per cent, as available moistiue. Add to this the eUTect 
of the leoto-capilfaiy water, the ease with wliich the roots can 
penetrate the lighter soils and one can see the reason of th^ 
observation nudei- consideration. 

. So far as the chernic-a) composition is concerned the soils appear 
to be richer in phos])liorus and organic matter. In the following 
table' are '■given tlie limits of the percentages in the various dry- 
farining sec-tions in Utah as compared to a few from India : — 

RcfinUs expressed as iiereenUirje in drjf soil. 


Tngrediont 


Iflt foot 


4th foot 9th foot India* 


TnHoluble reMidue 
Potash K O 
SodaNa,!) . 

Lime Cat) ... 

MagneNi'a M^O 
Sulphuric acid SO , 
Oxide of Iron 
Alumina A1 
Phoaphorna 'P.,() . 
Carbon dioxide C()> 
Volatile matter 

Humua 
Nitrogen 
Total P. 

Total K. 


rr2* 14- 

hS25 

52*88- 

78*29 

O ViT) - 

1-81 

0 45- 

- 0-80 

0*14- 

0*44 

0 .80- 

0 52 

0 m 

IS 97 

8-21 - 

17*H8 

0-42- 

, o «04 

0-59- 

2*66 

frOf)-- 

0-18 

0 0.5-^ 

0*17 

2*80-- 

5-42 

2-26- 

5*28 

2*29 - 

6-88 

0 14 

6-47 

0-23 - 

0-419 

01*2- 

0*8.56 

0-2 1 - 

is-.iri 

2-04 - 

15*12 

802- 

5-81 

2-70- 

4*4*2 

1*09- 

1-63 

0*50- 

1*69 

0057-0-116 

0-087-0 1 

0-191 


0-lSl 


2*82 


1*4S 



46*47- 

86 87 

65 16- 

■HS1I8 

0 42- 

0 70 

0*14- 

1*14 

0 42- 

0-70 

0*01- 

1*80 

079- 

20 “22 

0*13- 

8*48 

0 75- 

"2*98 

0*22 

2*47 

0-07- 

0*11 

not determined 

2*86- 

8*02 

2*46- 

9 27 

8*:16- 

6*62 

1*74- 

13*76 

0*10- 

()‘2fl4 

' OdO- 

0-28 

0*14- 

*20 08 

011- 

1*88 

1*62- 

2 98 

' 0*24- 

0*58 

1*15- 

1 *85 

not determined 

0*018- 

-0*05 

0*015 - 

-0*21 

0*112 


not determined 

i*;«) 





A. HainfaU ami its aonserva(io}f. 

Ill spite ()1 tlu* lower aiiiount ol total [trec/ipitittioii, ni(‘iiti()ii 
hits iUrciMly hocMi niiMlc tiuit (Irv-hirniinir in the (lre;ht Kasiii Ims 
prov'Ml more suoe.essful lliioi tJie ({rccit l>!jiins iireii. This is due to 
the ( hiUcM'-tei td the j'fiinhdl, mort* tluiii SC ])er(*,e!\t. ot tlu' raiufiiU in 
the (7*’eih1 TJasin being I'etudved i},s winter thiid s])riug mins wliile more 
tluin ()0 percent, in the (beat Plains falls after the v,vn])H have been 
sown iind over per (;ent. in summer. The t olio wing table shows 
the average st'asoni?.! distribution oi rainlall in the two regions : — 


, Ref(ion 


Oreat Boain 
Great Plains 


Itaiiifall 


Percentage in 
fall after 
harveat ‘ 


I 

Uh^.S- 19-07 f 16 
n- 9 * 2 -- 2 l -30 V2 


Percentage 
in winter 
mostly anow 

9 




Hnilulin No. Utah Agr\, Kxperhnml fation 
* * Hilgard- Soilg, 1912, p. 412 


Percentage 

Percentage 

ill spring 

in summer 

42 

19 

48 

36 
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*\t y^ill be seen that the Great Basin receives 23 per cent, of its 
precipitation as snow against only 9 per cent, in the Great Plains 
and it is doubtful if there could be a more ideal c*,onditioii of storing 
water if the land is well prepared than the snow, whi(di, as it melts 
in the spring, gradually seeps -through in tlie soil deep <l()wn with 
no run-off, evaporation, or seepage to sjieak of. Slie rainlfss 
summer prevents any tendency on the part of the crop *^0 develop 
surface feeding roots and the plant thus iininierrujd.edly follows 
the moisture deep (Ionmi info the soil. • 

As regards summer rains, the factors of dissipation in the form 
of run-off and evaporation are most- aettive at *the time tIk^ rains 
come. Besides, while e. rainfall sometiujes mav help iiv j^ileMhe 
annual average it may not be of anv use in iiK'i’ensing tlie soil 
moisture a (jondition to whicdi we in India are well e.ei'usKmied. 
Briggs and Belz have observed that a monthly j)recip!tati()n »)r 
I *9 incdies (‘.oming in nine light showers was of no praeti<',al value, :s 
it all evaporated befon* penetra,tiug the surface muhdi. It has bc< n 
repeatedly' observed tliat e'ven a, rainfall of ha.11 ly) iik'Ii does i«>i 
add to Ifie moisture sipifily unless followeul by olinu's within ten 
days. As a (•()m})ensatiug circumsliuice, liow’eyer, of light sunmau* 
showers, is t.he I’a.eM that a rainfall of from (piarteM* to half an n li 
ma\ have a <lecided1y benelicial effect on tlu^ crop, though it again 
becomes a double-edged sword, sinete it tends to (Micoiira.ge surface^ 
roots and in the <‘as(* of long dry periods sjiecially at a (uitietal })ei'io(l 
wdum W’ater is Ixung fast used by th(‘ ('rop. the ci’ops would not ha’ 
enough time to send down dee])er roots iind ina.y receive a.s a result 
a seiious check or possibly end in failure. 

It appears tha.t in the long run it would be IxUter il sin*h ligid 
show’ors were preveiit(‘d from IiaA ing a.ny etlec'- on t lu' crops m 
(UKrouraging surface rcxitiiig, by tieep intertilJago and though it might 
result in a temporaiw (dnxdv to plant growth, the ultimate safety of 
the cro}) (X)uld be more sa.fely assured in (uise of tlie long dry periods, 
which are only too jirone to oc(jur in hulia at some* .^age of the 
(uop. 

« ' RuUetin No. UK Arizona AurimUnral Exptn'imftnt Station, p. 738. ^ * 

. Ballfiin No, it), N<*hraKka Experiment Station, p 51 • 
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Dr. Widtsoe in summing up the subject says : " A gr^t deal 
has been said and written about the danger of deep cultivation' 
because it tends to injiu c the roots that feed near the surface . . . * 

Tnie, deep cultivation when performed near the plant or tree, 
destroys the surface feeding roots, but this only tends to compel the 
deeper. lying roots to make better use of the sub-soil. When, 
as in arid 'regions, the sul)-.soil is fertile and finnishes a sufficient 
amount *^of water, destroying the surface roots is no handicaj) what- 
evei‘. On the contrary in times of diought tlie deep lying root.s 
feed and drink at theii leisuie far fiom the hot sun and withering 
winds and the jdants .survive and arrive at rich maturity while the 
])laitt,s with .shallow roots wither and die oi- are .so seriously injured 
as to produce an itiferior ero]). 

‘‘ One of the chief attetnpts of the dry-farmer jmi.st be to sec 
that platits root deeply. This <!an be done only b}- pieparing the 
light Kind of seed-bed and by having tlie .soil in its lower deptlis 
well .stored with moisture, so that the jilants may be encouraged 
to de.scend. Ftp that reason an exiicss of moisture in the upper 
.soil wlten the young plants are rooting is really an injiuy to them.” 

/>. .'ibmrjdiou a ml rcteiUloii of mokfurr. 

Deej) ploughing with subsecpieut tillage i’.nd in parts where the 
rainfall i.s below' ]2 inches, summer fallow'ing to c-arry over the supply 
of moisture from one to the other .sea.son are t he two principal means 
used for storing water. Nearly all the contradictions with regard 
to the dry-farming sy.stem that, have ari.si'U iiie with regard to the.se 
two faiitors — deep ploughing and summer tillage. 

The following })ite.sent.s the view' of Professor t'liilcott* ol the 
ibiited States Department of Agriculture w'iih regard to deej) 
ploughing. “ Perhaps one of the mo,st common fcilhudes is that deep 
ploughing invariably luid necessarily increases the water-holding 
capacity of the .soil Our investigatioas .show that in many instances 
the rec.eptivity of the soil is govei'iied entirely by the physical 
condition of the’upper 4 or o inches, the undisturbed sub-soil being 


^’ran Itooh of ihv f nilrd Sttitrn DrparUnr at of AiiriCHlturr. 1911, p. 254, 
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ot ^uch a nature over very considerable portions of tlie vlreat 
.Plains that it is able to transport downw&rd by capillarity 
••all the moisture absorbed by the surface layer of soil as 
rapidly as it is accumulated in that layer. Under such circumstances 
there would manifestly be no increase in either the receptivity 
or water-holding capacdty of the soil if the plo^igliirjg were 
deeper than 4 or 5 inches. Whether this rule will apply to any 
given soil can be detormincd only by careful observatioA, which 
should extend over a sntfi'-ient period of time 1o inc lude a consider- 
able range of cdimatic conditions and particularly the varying degives 
of intensity and duration of rainfall.” Another group of investi- 
gators' state : ” ^riie advocaites of dee]) tillage* and f)loughing 

to the depth of a foot lo sixteen inches argue that the deep stirring 
and loosening of the soil civatc's a greater ability to store wat.'r. 
At none of the Stations in the. (Ireat Plains have these claims been 
justified by the results of experiments.” 

We have, at present in India a wave of dec'p-ploughing se' ti- 
mont and the idiove w id cantaiidy alTord food fora good deal of 
refh'ction and investigation in that ciounection. 

.Another interc'sting and rather unusual statement" from (»ne 
of the e.xperimental stations of the (treat Plains area is as follows; — 
" Advocaites of dry-farming systems based on the ‘ dust blanket ’ 
theory strive by maintaining a .soil nmicli to rc'duce the loss !»y 
eva})oration. ddiey reason tIuU by stirring the surface, capillarity 
will ('.ease to act in bringing iij) water from the lower depths (o the 
surface. But they fail lo lake into consideration that, becauise of 
the alrsencic of a free water table capillarity hs a forcce for moving 
watei upwards ceases and is of no jiracdival ini])ortance.“ The 
apparent benefits as measured by incueased moisture content attiV 
buted to the soil mulcdi, have more than likely been due to the facd 
that in maintaining the soil mulch, lo.ss of water has been jnevented 

• Jiulh'iln Xo. /lO^ \oHh I hi hoi a H.rpri i^nn-til ShttioH,\\ 172 . • 

® //;/(/ p. 174. 

8 Tills sltiteinciit is ijo( mppoileil by expcrimpiitnl oamiIciico indutltul in this publication : 
but there is ubjiulant proof o! it in natn of (he Oftiee of Dry Land Ayiiculturo, u juirt of which 
lian beuii piibliBhed by AV, W. Hurr of Ihnt otticcv in lioKcarrh liftllfiiK A'o, H, /'nh'crMiti/ of' 
XrhnfJtha, })p, 76-77, * • 
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by the eradication of the greatest dissipators of soil mo^ture — 
namely, weeds. From the standpoint of moisture conservation' 
cnltivalion is beneficial when weeds are destroyed or prevented' 
from growing. I’his fact should not be taken to mean that le.ss 
cultivation is necessary but rather that such operations should be 
performed afi times when weeds can be combated. Tf the soil checks 
and cracks deeply, air is allowed to circulate below the normal 
drying depth of the surface and cultivation then is necessary. 
Othwwisevthe soil mulch can be disregarded.” (The heavy type are 
ours.) 

However that may be in other sections, the writer in his visits 
to the fields in Utah was indeed amazed 1o find that within to 4 
inches of the surface mulc.h, under a c.ontiuuons, hard, liot sun. 
with neither rain nor dew. the soil shoidd be found to lie ideally 
moist for crop giowth and that it .should be in tliis (iondition to a 
depth of (i or 8 feet. It the writer ha<l not personally seen this, 
it would have been difficult of belief, .so inciompatible ajipear the dry, 
hot surface mulch at the toj) juid the tiool moi.st soil below. 

Even in the Creat Basin region, however, jilougliing deeper 
than 7 to 8 inches has not had any marked efi’ec.t on the yield or the 
water stored. In fact as a result of tive years’ experiments at the 
Nephi Sub-Station,' Utah, no material diffeience was observed 
in the yields obtained from the ])lots plr)nghed at difi'eremt depths 
varving from o to 18 inches. 

Indeed in the light of these findings, the question of dec}> 
ploughing in Inilia dc'serves more than a i;asual ainl theoreticial 
consideration. It. may turn out after all that what, we want mo.st 
is deep intertillage rather than deep ])loughing. 

Speaking of the soil muhdi Professor KarrelP lias drawn 
attention to the, fact that tw'o factors entei- in tlie format ion of soil 
mulc.li — reiieptive and retentive, lie has shown how in parts where 
w'ct Sind dry periods alternate in rapid succe,s8ion, the receptive 

' JJn/lfthi A'd. lo7. r, S. J)ept, Aifi t. (kmtnhuhon from Bunau of / iant Indiutry., 

p. 44. 

• Ifry-Fanniiigf vol. V, no. 2, p. 24‘». 77//- Annual TfaudAiOok of llryt'armivq^ (Hit 

Jntfrnadonar Dry-Fanning Cong t rax. 
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an<i the retentive condition of tlie soil imiloii oppose cjuih other. 
.Thus the ‘ dust inulc.h ’ so imicli advocated by authors in dry- 
. farming becomes actually a hiudrance in the effe,ctiv(‘ reception 
of the precipitation specuilly in heavier soils, beiaiuse the hue ilusf 
mulch under a heavy rain, ru/is together and interferes with pene- 
tration and occasions an excessive loss by run-off. ^The,rnn-oji 
in such cases may actually e.vceed tliat from a soil which has uo 
mulch at all. Reference has already been made to the observation 
that 80 per cem. of the rain was lost by siul’ace washing in a heavy 
rain on a level summer fallow while under the same conditions it 
was observed that only 40 per cent, was lost on'an adjacent stubfde 
field. • 

In consulering the soil mulch therefore in parts where dry and 
wet periods alternate as in India, both tlu' receptivity and the 
retentivity of the soil condition should be borne in mind. .\s a 
result, in heavy soils it will be safer to leave the surface relati\ely 
coarse and luinjiy to reduce the tendeniiv for runniug together md 
causing a loss by run-off. , 

Discussions with regaril to tin* value of a summer fallow run 
.piitc as hot as on the value of deep ploughing. Thus, results 
obtained in North Dakota show that while stored water may 1'^ of 
value in supjilementing rainfall, it is unable in itself to mature a (uop 
in Western North Dakota ; but even here it. is admitted that summer 
tillage has a certain value as insurance against <;rop failure. Others' 
find it too e.Ktravagant a system. Olothiei’ states that summer 
[allowing by the ordinary methods has not been suocessfid in 
})ermaneutly accumulating water in the soil even after a two-year 
fallow in Aiizona. , 

It must not be forgotten in this connection tfiat those wJfo 
advocate summer fallowing do it for a certain set of conditions: — 
(1) Wlier<' the annual rainfall is too small to produce a crop every 
year, (2) under particular conditions of depth and uniformity of the 
soil. That such is the case is proved by hundreds of moisture 
determinations and crop results in the Great. Basin. Even here 

* Ymr-Book of Ihft V, S. Dept, of Agri, 191^, p. *J5H. ^ • 

■ Uulletiv No. '/‘f/, Aiizona K»p€rhmut Slntion^ p. 797. * 
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when conditions of soil or rainfall are better, the summer fallow 
is practised only once in three years. In other places once in four 
years is found enough. In Kansas it is (uistomary to do so only 
once in six years. 

A modification of summer fallo>v, which owing to the poor 
humus contept in Indian soils is likely to pi-ove very useful, is the 
turning under of a green crop in the fallow year. This will not only 
improve the physical condition of the soil, the chemif'o-bacterial 
activities and the consequent liberation of plant food, but will also 
add to its water-holding capacity on account of the added humus. 
E.xperiments so tar, however, tend to show tliat in India it does not 
pay to turn under huge quantities of green matter unless there is 
enough water available for complete decomposition r)! this material 
and its assimilation by the soil. The aim should be to turn under 
only as much as would be properly <lecojnposed and assimilated. 
Even if it is only a slight growth that is ploughed under, it would 
do more good thati a huge mass of loose decomposing matter 
interctepting the continuity of tin* soil and tipsetting all its 
useful physical functions. 

Choice of crops, RoUitimis, and Machinery. 

Choice of crops. The limited amount of available water naturally 
requires the growdh of only drought-resistant, crops. Kearney and 
Shantz* describe drought resistant plants as having the ability eithei- 
to endure, to evade or ttl escape drought, so as to pj'oduce .successful 
crop gi'owth. Ability to endure a drought may be due to the storage 
of water in the plant body or ability t o become dormant. Of the 
cultivators’ crops, the. tendency to become partly dormant is shown 
by alfalfa and soryhums. 

The evading of drought can be accomplished by control of 
transpiration or exceptional root devehjpment. Alfalfa with its 
deep taj) root illustrates this point among the cultivated crops. 

The adaptation for escaping the drought is illustrated by plants 
that require a very short growing period before the season of 
drought "begins, such as the early varieties of small grains. 

' " * Ymr-book of t/i* V. 8. Dapt. of Agri, 1911, p. 352. 
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•However, tlie crop plants to succeed under dry-fanning 
conditions must possess more than one of tlie" adaptations above 
* Tnentioned. Tlius alfalfa has not only the ability of becoming partly 
dormant under adverse (londitions but can also partly evade drought 
on account of its deeply penetrating roots. The eai'h' varieties 
of successful small grains have not only a shorter gr(\\ving, season 
but also are characterijjed by a small total leaf suidai-e reducing 
transpiration. The authors mentioned above found ih-At’sh rtf hums 
afford the best example among crop plants of a i.ombination''of 
adaptations for meeting drought, 'riiev are specially drought 
evading, and also have < onsiderable power ’of endurance. In 
seasons when the lainfall is normal as to total quantity but very 
irregular in its distribution, while crops lilce alfalfa and sorghums 
may finally give good yields, corn and potatoes for example which 
have less ability to become dormant may utterly lail. Thin 
planting, clean cultivation, cutting and pruning and gi-owing 
dwarf varieties are other means of er-ading a drought. 

The ultimate object of farming being profitable crop production, 
siuih croj)s must only be gi'own as are reasonably secured fjom 
destruction by drought and which also v\'hen gi’own under the 
conditions of moisture supply normal to the region, can give a product 
that will be remunerative to the grower. 

It is owing to this factor of profits that wheat is the prineijial 
dry-farm croj). Winter wheats wheiwi'r ]io8sibl(‘ always give better 
returns. Of the spring wheats the J)urums have become the most 
popular. In the southern section of the Great Plains Region 
sorghum is found to be the most remunerative and is already a 
staple crop in parts of Texas, Oaklahoma, Kansas, and New Mexico. 

Alfalfa ought to prove a very useful rotation crop in dry-farrii 
regions provided it is not too thickly sown, about 5 to G lb. 
being enough. As a rule (by-farm alfalfa yields well as a seed crop, 
though, if properly cared for, good hay can also be obtained. 
Sorghum is the third principal dr)' crop and is likely to extend in 
cultivation. Other crops like barley, oats, corn, are sometimes used 
in rotation with wheat in soine parts especially in the northern 
Great Plains area. ’ > 
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A {act. that was onc.e overlooked and led to disastrous results is 
the thin rate of seeding to be used. A thickly sown field may look, 
better at the start but it .so depletes the moistiu’e-supjdy in the soil 
in the preliminary stage of leaf and stalk formation that very little 
is left for u.se at the critical time of forming the grain. Thin seeding 
is, therefore, a very e.ssential factor in suc(!es,sful crop production 
under dry^farming. 25 to 30 poiind.s of whefd seed is used to the 
acre in the trieat Basin. 

Rotation. No rolalion pra(;li<;ally e.vists where summer fallow' 
is practi.sed every year. 1 n some others wheie 1 he land is fallow once 
in three years wheat after the fallow' and spring barley following 
the'W'heat is taken. In .some ca.ses when the soil has run tlowm, it 
is pul down to idfalfa. for three or four years befoic growing w'heat 
again. 

Machinery. An average holding to make farming pay is 
supposed to be 160 acres with half the ari'ii. m fallow every year. In 
addition to the neoos.sary wiigoiLs and hand tools and four hoivses 
tlie follow'ing copiplement of machinery is recommended — a plough, 
disc harrow, smoothing harrow, drill .seedei', ha.r\’e.sl,er or header 
and mowing machine. 

Threshing is alwa.ys done on contiaci by travelling 
tackles. 

Power farming is ])ractis<nl on a few unusually large 
estates, but has not yet become a general feature like powder 
threshing. 

One thing more^ than another which has made dry-farming 
profitable is the effective machinery w'hiidi has enabled the farmers 
to cultivate and hirm their lands cheaply. In Dr. Widtsoe’s 
o*pinion, dry-farming more than any other system of agriculture 
is dependent for its success upon the use of proper implements of 
tillage and that if it were, not for the invention of labour-saving 
machinery, it is doubtful whether the reclamation of the great 
arid and serai-arid regions would ever have been possible. The 
future as well as the past of dry-farming is thus intimately connected 
with the improvements already made and to come in farm 
machinery. ' 
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' ^ A review of ootiditiom in India. 

» Such being the factors tliat control success *in (Iry-fanning in 
America the next point is to consider how we stand in these respects 
in India. If land is to be prepared efficiently so as to receive and 
retain the rainfall effectively, sostly machinery must lie used. In 
most cases for the present it is beyond the mean8,of oi;dinajy 
farmers to own these machines for themselves. The Mily way, 
therefore, is to use <hem co-operatively and the great strides that 
this movement is making at tlie pre.sent ought to make such* a 
co-operative preparation of the soil possible where it is proved by 
experiment that dry-farming can be profitably pursued. 

(!onditions of rainfall in India are similar to those of the Great 
Plains region of the dry-farm section in xVmerica. Professor 
Cliilcott describing the variableness of the season in this section saysj 
“ Within the area specified, annual prciupital ion at a given station 
may easily range during a, term of years from as low as ten to as liigh 
as thirty inches. It is not an unusual occurrence to have a sn gle 
torrential downpour of rain which exceeds in amopnf the normal 
precipitation for the month in which it occurs. These torrencial 
rains free|uently come with such force as to puddle the soil siu-face, 
thus making it impervious to water and resulting in the utilize^ion 
of but a small percentage of the precipitation.” 

If one had started describing the uncertainty and variableness 
of rainfall in India, the description would tally word for word, with 
the difference that every factor mentioned is far more pronounced 
in India. As every one knows it is the uncertainty and variableness 
of the rainfall that upset.s farming in fiidia ’and not the smaller 
amount. Our similarity to the Great Plain region does not consist 
only in the. variableness of the sea.son but also in the fact that all 
our rain is received while the crops are growing, delivered in about 
4 months period technically, but really in not a few days but only a 
few hours. Our problem thus i.s unquestionably more ^ difficult to 
meet, not because of this fact alone, but also because the, di8.sipating 
forces are very strong. The only thing that serves as a partial 
off-set is the large amount of otir average annual rainfall and possibly, 
our deep soils where such exist in districts of lar-. e rainfhll. • 

. • ly 
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While discussing the influence of soil in dry-farm iiig, attention 
lias already been drawn to the fact that it' is a misunderstanding 
to suppose that only clayey soils are adapted to dry-farming. In 
fact as explained above loams and lighter types of soils are even 
preferred, where they are uniform taa depth of 8 feet or more. In 
fact this viiiiformity of character is the corner .stone of the 
dry-farming system. It is this uniformity unhampered by hard-pan 
or gravel'seam or a murum laym- or clayey sub-soil or sticky shale, 
that gives free .scope of movement to the water from one depth to 
the other. The force of capillarity is uniform throughout ; theie 
is no hard-pan to ‘limit the soil’s storing capacity nor a pervious 
layer to drain off the much needed water down below beyond 
reiiovery when needed by the crop, owing to the feeble lifting power 
of the intervening per\'ious layer. 

The water in suidi uniform .soils simply travels np and dowm 
under the influence of capillarity and gravity, but never goes so 
deep as to be beyond the reach of plant roots. Such deej) .soils 
are not mfreque^nt in India and must prove of great value. 

ft goes without .saying that the yields under dry-farming 
methods are bound to be smaller than in others, iuid that a kind of 
insurance mu.st alwavs be paid in the higher cost of using dry-farming 
methods entailing greater cost of crop production. Hut dry-farming 
has succeeded best w'here a drought is anticipated every yeai' and 
provision made to fight it. It will never be a success so long as the 
farmer imhdges in the costly temptation of the higher and cheaper 
but uncertain yields over the admittedly smallei and co.stlier but 
certain yields under fhe dry-farming system. 

On theoretical considerations it seems possible that such a 
certainty of yields can be obtained over ijuite a large area if dry- 
farming methods are carefully follow'ed. Experiments on the spot 
mu.st prove that such is the ca,se. 

. When found successful, it wull practically <lo away wdth the 
crowding in of all agricultural operations in a V(*ry small period of the 
year, leaving the rest unoccupied. It will make farming more 
evenly distributed and will consequeAtly put a value on the now 
idle laboui' of the farmer and will give a certainty to his vocation 
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It it^not a problem tliat can be solved in one or two years’ time, 
neither is it one that can be successfully met by one cut and dried 
'method. Different soils and climatic conditions will respond to 
different treatments, and coirsideration must be given to all these 
factors. In some, fallowing might be found necessary in a cycle 
of three or four years. In others it might become necessary, eve^ 
other year. In some cases fallowing with gi-een maimving will 
have better effect. Some crops might do better in one sexft.Ion and 
others in others. P’ortunately there is no lack of dry-farm crops 
or varieties in India. Consciously or unootisciously we have been 
dry-farming most of the time in certain districts! What is wanted 
is the building up of these crops to constitute a pure strain. Wheat, 
juar, cotton, lucerne, gram, linseed, all will find a place in our 
system. The point is to experimentally prove what is the Iw'St 
system for given conditions of soil and climate. If there are any 
means by which something definite can be evolved out of the fi< hie 
Indian monsoon they are likely to be the rigorous adaptations of 
dry-farming principles. ^ 

It is a problem that is ever present before the agricultu.-al 
investigator, the (lovernment and the cultivator, year in and year out. 
When all the countries in the world — .America, Canada, Me.xico, 
Brazil, Australia, xAfrica, Russia, Turkey, Palestine and even China — 
liave lined up and gone ahead in dry-farming investigations, is it 
fit that we in India, who would jicrhaps benefit mo.st from such an 
investigation, should not be in the forefront ? 



ON THKfMODE OF INFECTION AND PKEVENTION 
OF THE SMUT DISEASE OF SUOARCANE. 


BY 

S. L. AJRKKAH, B.A. (Bom. & Cantab), 
Assistant Professor of My^^ology, AgricnlUt^ral College^ Poona. 


The smut disease of sugarcane is caused by the fungus Usti- 
lago Sricchari Ral>enh. and is easily recognized by the (diaracteristic 
long whip-like sooty black shoot, devoid of leaves, produced from 
the top of the affected plant. This is often several feet in length 
and much curved on itself. In its earlier stages it is covered by a 
thin silver-whil!b sheath, whuih later on ruptures and exposes a 
sooty black dust which consists of the spoT‘es of the fungus. 

As a rule only the thin varieties like Saiina-bile and Ashy 
Mauritius^ are attacked. The thick varieties — l^undya and Red 
Mauritius, for example —f;annot, however, be regarded as altogether 
immune, as they unmistakably showed tlie disease on the Manjri 
Farm during the last two or tliree years. 

Dr. E. J. Butler, * in his paper on the “Fungus Diseases of 
Sugarcane in Bengal,” suggested the possibility “ that the smut 
disease can be transmitted botli through the infected sets cut from 
diseased plants whicli contain living mycelium and also through 
spores.” The same author states further that “ experiments in 

treating this smut are still to be carried out Whether it is 

possible by pickling the sets in copper sulpliate or some of the 
other methods which have proved efficacious against grain smuts, 
to prevent spore-infection of sound sets remains to be seen.” 

A Ashy Mauritius is originaUy a thick variety, ‘but on the Manjri Farm it looks more 
like a thin vari9ty than a thick one. * 

* Butler, E. J. Mem., Dept, of Agri. in India, Bot. Ser., vol. 1, no. 3, 190C. 
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• The experiments described here were suggested by these remarks 
of Dr. Butler. The object in view was to asccHain how infection 
•usually took place in the field in the case of smut in sugarcane 
and to test the efficacy of treatment of sets with copper sulphate 
previous to planting. • 

The experiments recorded below were carried ou^ dining the 
last three years on the Government Sugarcane Expeiinientel 
Station at Manjri near Poona, wliere smut has been appearing 
sporadically year after year, particularly oji some of the thin 
varieties. The writer is indebtetl to Mr. Mahajaii, Superintendent of 
Manjri farm and to Messrs. Padhye and Sane, Graduate Assistants 
on the same farm, for looking after the experimental plots and iwiKih 
help during the progress of the, experiments. 

Exi’eiument Mu. 1. 

1912-1913. 

Mdliod. Careful search was made for stools entirely free (rom 
smut in the Ashy Mauritius plot and sixty sets fit for planting 'vere 
selected from these. Another lot of sixty .sets was cut from (tanes 
which had distinctly shown the smut. The healthy and diseased 
sets were further divided into two lots of thirty sets each ana one 
half were steeped in copper sulphate solution of 2 pei‘ cent, 
strength for fifteen minutes and the other hall was left untreaPid. 
The sets were then planted in four plots as follows : — 

Plot No. I ... Diaeasod neta 30, atoeped. 

Plot No. H Diaeased aeta 30, unsteepeijl. 

Plot No. Ill ... Healthy sets 30, ateeped. 

Plot No. IV ... Healthy seta 30, unsteeped. 

The sets were planted on the 13th of Decembar 1912, The plols 
were chosen in a part of the farm far removed from any standing 
sugarcane. The soil was virgin soil’ broken up for the first time 
for this experiment. , ^ * 

Observations. The germination vvas^ uniform in all the plots 
except No. IV, where only a few shoots came up. 


‘ This remarli doer- not hold pood for the other experiments that^oUoyr. 
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The first case of smut observed was on 13tJi March 1913 and 
it occun-ed in plof No. 1. • 

In May 1913, smut was found in all the plots except in No. 111.* 

No. Ill remained smut-free till November 1913, when three 
smutted shoots were observed in it. 

It was rnot possible to make an exact count of the smutted 
shoots in all the plots, yet it was observed tJiat No. 11 suffered the 
most and No. Ill remained smut-free the longest and suffered 
the least. 

Remarks. Tlie results of the experiment pointed to the 
following conclusions : — 

(1) Infection may be c.arried in diseased sets, as indicated 

by the behaA'iour of plot No. I. 

(2) 8teeping sets in copper sulphate solution is noi , by itself, 

sutticient to prevent smut ; indicatetl by tJie plots 

Nos. I and III. 

TJie appearaiujc of smut in plot No. IV whi(!h liad sets from 
healthy canes in it may be due either to infection by spores adherent 
to the sets or dc»riuant mycelium in the sets resulting from direct 
aerial infection by wind-borne spores on parent canes, though the 
latter showed no external signs of it. 

' Expjsuiment No. 2. 

1 914-191 5. 

Tlie experiment of 1913-1914 was repeated, using a liundretl 
sets to each of the four plots as in the following table : 


Plot No. 

Treatment 

Date of 
planting? 

1 Germina 

1 tion on 

1 1-4 14 

First 

appearance 
of Hniiit on 

No. of 
Niniitted 
NhootH on 

1 13 2-15 

I 

1 

Healthy >>Qt8, Hteeped in copper | 
Hulphate *2 per cent, strength for 
fifteen minuteis. 

27 2 14 

i % 

17 shoots 

21-5 14 

:i 

U 

Healthy sets, unsteepeti 

27-2^ H 

159 

29 6 14 

122 

III 

piseased sets, Hteeped as above 

27-2-U 

1 

*2 

21 5 14 1 

2 

W IV 

Diseased sets, unsteeped 

27 2 14 

109 

21 6 U ! 

1 
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• H&mrks. Steeping was found to retard germination seriously 
^nd had no effect in preventing smut. A regular count of the 
•nuurber of healthy shoots at the end of the experiment was found 
impracticable in this as in the other experiments recorded here 
owing to excessive tillering ; Jience the proportion of smutted to 
healthy shoots could not be ascertained. Yet the figmef^for smutted 
shoots give a clear indication that smut appears to the greatest 
extent in those plots which had sets from diseased canes planted in 
them. It has to be remembered in iuter})reting these figures that 
the germination in the plots Nos. II and IV was much better 
than that in the conesponding plots Nos. *I and III. When 
corresponding plots only arc compared, the infective powtw of 
diseased sets becomes quite apparent. The appearance of smut in 
plots with healthy sets in them again suggests infection by spores 
adherent to the sets or by dormant mycelium in appareJitly healthy 
canes resulting from direct aerial spore-infection. 


Experiment No. :f. ^ 

1915-1910. 

The experimejit of 1913-1914 was repeated usijig a hundred 
eyes for each plot and using two strengths of copper sul])haie for 
steeping. There weie, therefore, six plots in this experiment as 
under : — 


Plot 

■■ 

Tioatmeiit 

■ 

Date of 
planting; 

Germina- 
tion on 

First 

appear- 

NO' of sniutted 
shoots on 

Total 

No. 

13-3 15 

ance of 
smut on 

31 8 16 

1 

1 12 2 1 « 

! 


1 

Healthy sets, ateeped in 

2 per cent. CUSO 4 . 

18-2 15 

7 shoots 


Nil 

5 


J1 

Healthy seta, Hteepod in 

1 per cent. 0 uSO 4 . 

1 

u 

19-5 15 

- 

Nil 

0 

III 

Healthy aetH, unsteeped | 

13-J 15 

48 1 

19-5-15 

1 

3 

4 

IV 

Dieeased sets, uteepod in ! 
2 per cent. CUSO 4 . 

18 2 15* 


21-4 16 

• 

1 

♦ 0 

1 

' 1 

\ 

DiHeaeed acts, ateeped in , 
1 per cent. C 11 SO 4 | 

1 18-2 15 

• 


15-4 15 

(1 

121 ! 

' 1 

1 i 

127 

VI 

» Diseased sets, unateeped 

13-2-15 

13 

1-4-15 

i 

! 77 i 

J i_ J 

92 . 

i 
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Remarks . These results confirm generally those of the two 
previous experiments. They indicate that the disease is most 
surely conveyed through the use of diseased sets. Steeping is 
again seen to be ineffective in checking smut and moreover affects 
germination seriously. Only tlu’oe of the diseased sets treated 
with 2 per cent, copper sulpliate solution came up and one of them 
showed thf. disease. Plot No. Ill with healthy sets in it has 
practically remained liealthj' without steeping. 

I 

Exferiaient No. 4. 

19] 5-191 (5. 

^Olijects. To determine if smut spores adhering to the surface 
of sets are able to carry tJie disease and also to ol)seTve the 
effec.t of cop])er sulphate solution on adherent sporc's. 

Method. iSmut spores were smeared on to the surface of 25 sets 
planted in each of the tliree lines labelled 11, 111 and IV. Sets for 
Nos. 11 aiid III were steeped in 1 j)ej’ cent. co])per sulphate solution 
for ten minutes.^ No. 1 was left untreated in any way as a control. 
.411 sets were, selected from smut -free canes (Saniia-bile variety). 


Plot 1 
No. 

Troatnienl 

1 

Date of 
planting 

Germina- 
tion on 
»-4-16 

First 
appear- 
ance of 
smut on 

No. of smutted 
shoots on 

31-8-16 12 2 16 ' 

Total 

1 

Control 


13-:M6 

53 shoots 

2 h 15 

1 

1 

.> 

11 

Covered with 
steeped. 

spores ; ■ 

13^a-15 

•28 „ 

12 6 15 

1 

23 

•J6 

111 

Ditto 


13 3-35 

37 ,, 

16-8-15 

5 

voi 500 

1 Ovei 500 

IV 

Covered with 

spores ; 

13 3-15 

58 „ 

16 6 15 

! 1 

I’lactically every 


unsteeped. 





-hoot was smnitetl 

1 


Renuirks. There was no indication in the (failie]" st)',ges of 
the experiment that adherent spores cfiny on the disease but 
towards the eiuV the infective powder of adherent spores wa,s 
quii.e clearly shown, practic.c.lly every shoot showing the disease 
in plots 111 and IV and many in plot 11. Steej)ing is agiiin seen 

^ This ri‘8iilt is in agrwment M'itli that attained jn Java quottjd by Butlei 
\loc. cU.). 
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to Wave, no value in the treatment of sugarcane smut, especially as 
it has again afiected the germination of the eyes. The use of sets 
irom healthy canes in the control plot gave a crop practically free 
from disease without steeping. 


Experiment No. 5. • , ^ 

1914. • 

This was designed to verify the deleterious effects of tlie coppei' 
sulphate treatment on tlie gcj-mination of sugaicane sets ijidicated 
in the other experiments. ^ 

Mdhod. Sugarcane sets were steeped for (fifferent lengths 
of time and in diflejcjit strengths of coppei- sulpliate solutions 
(2 per cent, for 30 and lu minutes ; and 1 per cert, for 30 and 
10 minutes). Sets with 100 eyes counted were used for each neni 
and were planted on 22nd August 1914. 

Observations on 16th September 1914 ; — 


Treatment 


Number of Nhoot« 
'• come up 


;/ lor miiHiteN 

" /ft II II 

1 % II 3J I. 

I % II 10 

Control— unwloeped 


0 

t 

i 

9 

2(1 


Remarh. Heie. again, the deleteiious effect of steeping is 
noticeable, tliougli tlie gejinination even in tlie control plot was 
rather poor. 

Experiment No. C. * 

1915. 

This was carried out in the Seed-testing Laboratory at the 
Poona Agricultural (Jollege, to place beyond doubt the result of 
Experiment No. 5. 

Method. S(!ts liaving 20 “ e^'^es” in aU were steeped.in a solution 
of copper sulphate of 1 per cent, stre^ngth for ten minutes and 
another lot having 1 2 “ eyes ” on them were left untreated as 
control. These were germina‘ted on moist sand. The experiment 
was started on 16th AJarch 1916. ’ 
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Results on the 26th March 1916 : — , 

1. Uatreated ... All buds geriniaated ; ahoots vigorous, about eight inches, « 

vigorous growth of adventitious loots. 

2. Tieate 1 ... Only three buds showing some life ; hardly any root growth. 

A photograph of this experiment taken on the 27th March 
is given opposite (Plate XX). 

« n 

' Reinarjis. This experiment leaves no doubt as to the 
injurious .effect on sugarcane sets of steeping in copper sulphate 
solution. 

Gkneral COyCLUS10>fS. 

» 

The above experiments indicate clearly that tlie surest way 
of getting smut in a crop of sugarcane is by the use of sets from 
diseased canes. The cultivators, as a rule, do avoid obviously 
diseased canes for planting piu-poses and this explains probably 
why the disease has existed so far oidy in the sporadic stage. As 
an additional precaution, however, it may be suggested that not 
only obviously diseased canes but also the whole of the stools whicJi 
show the disease on one or more shoots should be avoided for seed 
purposes, as they are likely to contain the fungus though there 
may be no external signs of it. 

That the source of infection when diseased sets are used for 
planting is the mycelium of the fungus in the tissues of the sets is 
indicated by the evidence obtained by microscopic examination of 
the tissues of affected canes. Even in hand sections, the mycelium 
of the fungus has been clearly made out in the sixth node behind 
the apex and it is possible it could be made out still further below 
by more elaborate histological methods. That the fungus can get 
into the buds and side' shoots of an affected cane is also shown by the 
fact that side shoots of not more than six inches in length from 
quite near the base of an affected cane already show smut 
occasionally and further by the fact tliat microscopic examination in a 
few* oases revealed the presence of, the fungus in the tissues of the 
dormant buds of an affected cane. 

Smut generally appears early in the life of the crop, in three to , 

■ .five months from the planting, when the source of infection is 
.diseased' sets. ' ' 
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•luieotioii by sporeB adhering to sets takes j)! iCe, but the attack 
iji this case does not become obvious til] tlitf crop approaches 
* iiiaturity. 

Aerial infection of shoots by spores and the formation of a 
dormant mycelium in them , is probable, though the abo'^e 
experiments give no direct proof of this. Infec.tion by ^pores lying 
in the soil also possibly occurs. But these questions ctui only be 
settled by further study. . * 

Steeping in copper sulphate solutions is useless and wojjse 
still, it affects injuriously the germination of sets. 

The practical method of dealing with the* diseas(^ suggcfsled 
frotn the experiments is to destroy diseased canes whenever noticed 
and to avoid diseased stools for seed purposes. This alone may 
prevent the disease from going beyond the spoiadic stage in which 
it exi.sts at present. 



THE TUBE-WELL AND ITS IKRIGATIOH 
. , POSSIBILITIES.* 


BY 

F. H. VICK, 

Aijrictdtural Engineer^ United Provinces, 

The climatic (ionditions prevailing in India, getting as we do, 
praotically all our raint'all condensed into about 3 or 4 months of 
tlie year, witli the remaining 8 or 9 months almost rainless, compel 
us to seek artificial means of watering the gi'owing c]*ops during 
the long dry period. We, therefore, rightly look upon the iri igation 
problem as an important one, and any methods of improvement in 
this direction will, I am sure, be welcomed liy all who are in any way 
connected with the agriiudtural industry. AVe all of us then, in this 
meeting, start with a lively interest in the subject under disimssion. 

The tube-well is of many difl’erent sorts, but all have the same 
object in view, tliat of tapping the deeper and stronger spiings of 
water. The kind we are mostly concerned with is of the strainer 
tidje type, this being the most suitable for catidiing the p(*rcolu.tion 
water in the dciep sands underlying the whole (^langetic plain of 
this province. The ordinary pakka well is seldom sunk iiioi'e than 
30 feet beneath water level, and more often is only from 10 to 20 feet, 
so it does not always strike the copious springs of watei* in the 
lower strata. A hole is of course, frequently bored through tlie 
clay bed iqion which a. well-cylinder rests, thus getting the watei’ 
from the first s^uid or water-bearing stratum beneath. In some 
(jases, with exceptionally good conditions, such as a thick and 
strong clay bed above a tliick stratum of coarse water-bearing sand, 
both being beneath subsoil water level, a very good yield of water 

A l>Hper miM Jit the UniD'd Provinoeh Co openiLive Conference, hold jit Liieknow in 
February IP 10. 


( m ) 
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is g<5t., ejvabling a power pump to be used on the well, lifting as much 
fi8 8 or 10 charsas. Such places are exceptional though, and the great 
luajority of wells in this province are giving two charsan of water or 
less. If at least a six charm jdeld cannot be got from a well it does 
not pay to put in a- pumping engine, the increased profit from the 
small area irrigated being insufficient to repay the initial post ^of 
the plant and the running costs. This rule at once jjfaces most 
of the pakka wells of the provinces outside the useful limit for power 
pumps, unless they can be so improved as to cause them to yi«ld 
a much larger quantity of water. We will consider later on in 
this paper the question of improvement of existing wells. 

To return to the tube w'ell. The difference then between it 
and the ordinary pakka well is that the former goes decqier, through 
successive beds of water-bearing sand, gathering the water bom 
each bed, whilst the latter is shallow and diaws its water from one 
sand bed only. The tube-well is generally sunk from 100 to 400 f 'et 
deep beneath ground level in this jirovince. This may sound deep 
in comparison with the depfb of ordinary pakka weys, but in reality 
it is not at all deep when comjiared with similar tubular welh in 
other parts of the world. In Australia, for instance, a. lof/ of the 
borings are obliged to be from 2,000 to 4,000 feet deej) in order to 
tap the underlying water, the strata above being all impervious to 
water anil so being non-watei’ bearing. 

Although in this jiiovince we get, as I previously stated, 
practically all our rainfall in threci months of the yeai-, yet we 're 
e.specially well favoured by nature with an^ inexhaustible supply 
of underground water, generally at a very motleraf e depth lieneath 
ground level, to draw from to tide us over the’dry nine months until 
the next rainy season. This underground water is stored up in the 
sand beds which extend to depths of thousands of h^et beneath us, 
every cubic foot of sand containing roughly about one-third of a 
cubic foot of water. It will thqsbe seen what an inmjense supply 
of subterranean water we possess. It is pot at all likely, so great 
, is our supply reservoir, that any .system of irrigation using more 
numerous and larger wells, can start to make an impression oq 
our supply or even affect to any appreciable extent ’the subsoil^ 
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water-level. .Is long as our rainfall remains wliat it is, an average of 
over 40 infthes a year for the provinee, our uiidorgroiiud reservoir’ 
will be replenished annually and we need not fear drawing upon it 
to any extent necessary for irrigation. Fn a 40-inch rainfall 
something like 14 inches of water perc’-olates through the upper 
strata down into our great natural reservoir and this is over the 
whole of the pj-ovince. We lift for irrigation 0 or 8 inches depth of 
water for a rnhi season and this only over about half the area of the 
pi\)vince, say equivalent to 4 inches over the whole area. We thus 
see that far more water is annually put into our reservoir than we 
are ever likely to take out. Ft looks from the.se figures and 
statements, that the subsoil water-level would be constantly rising 
until we might suffer from a water-logged soil unsuitable for crops, 
but nature again comes to onr assistance and provides a safety valve 
to let off the excess underground water, in the shape of numerous 
low valleys and river beds which act as great natural drains. Far 
more underground water drains off thus than we lift or ever will lift 
with extended systems of wells, for irrigation of crops. 

Granting then our immense supply of water underground, 
we ought to study the question carefully as to whether w’e are 
making fidl use of this very excellent provision of nature, and when 
we compare the fine crops of canal-irrigated traot.s with the poorer 
ones, and sometimes in the absence of winter rains the stunted 
ones, of some parts outside canal influence we are bound to 
confess, I am sure, that we are not <loing all we should be in the 
way of water lifting. ^ It is an extremely important matter, as only 
about one-fifth of the province is canal iridgated, leaving the other 
four-fifths to be watered by lifting from wells, jhih and mdis. 
Thcie is no real reason why the <!rops of this province should not 
be as good and as paying in one part as another, whether within or 
without the area c.ommanded by canals, were we to take full 
advantage pf our underground stave of water and employ modern 
methods of lifting it on to the land. 

Areas irrigated iromjhils and nadis are small in comparison with 
those watered from wells, so in this paper we will only consider the 
latter. What then is the best way of tackling the problem of 
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irrigation from wells ? At iiresciit with the exist ing wells small areas 
^f 8 to 15 bighas are watereil round eacli good Well, and in order to 
irrigate more extended areas we should either want a very large 
increase in the number of pakka wells or should require eardi existing 
well to give much more water.. The tube-well (ioines in here as the 
great agent for ivell improvement where wells are sui, table, for it. 
By sinking a big tube-well in a good existing pakka well, it can be 
turned at once from a two charsa well into a 15 or 20 cMrm one. 
The well should have a depth of water in it of at least 25 fe<U.. to.he 
suitable for taking tube-well, so a great many wells cannot be so 
treated. However, the tube- well is just as u’seful in yield, and 
costs no more, when sunk by itself as if it is sunk in an existing 
well. No matter how diffiicult the subsoil conditions are, the 
tube-well, if sunk, is master of the situation. 1 n some places what 
is called a “ mota ” a thick clay bed is not found at all at reasoti.kble 
depths, nothing but sand exists to rest the well-cylind(*r in, for an 
ordinary pakka welh Suiih wells in sand always cause tronok'. 
The sand flows into the well, which requires frequejit cleaning out, 
and often the brick well-c.ylinder sinks and cracks. At the host 
not more than one charm of water can be got from such a \.cll. 
A sitinition like this is espe<!ially favourable for a tnbe-\.'ell, 
and success can be absolutely relied on with it. 

: Agjain in other parts the clay beds are so thick and dee]) that 

a pakka well cannot get deep enough, at reasonable cost, to pierc(‘ 
them and strike, the deeper water-bearing sands beneath, even 
though a hole be bored in the bottom of well. Here too th<> 
tube-well will succeed, as if need be. it can be carried down 200 or 300 
feet until the coarse wat,er-bearing sand is lAct with. 

Regarding the cost of a tube-well, it varies according to tl*e 
depth it has to be sunk. The boring must be continued until 
sufficient water-bearing sand is struck to give the requisite quantity 
of water. The cost is generally from Rs. .3,500 to Rs. 5,000. This 
may sound a high price when compared vvith that of a good pakka 
well costing perhaps Rs. 1,000, but compare the yield of water 
and it will then be seen that fhe tube-well is cheap. About 8 or 10 
pakka wells at say Rs. 1 ,000 each would have to be sfmk* in order 
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to get as much water and irrigate as much land as one tube-well ; 
so you get for Rs.' 4,000 in tube-wells what you would have to 
pay Rs. 8,000 for in pakka wells. Further than this the price I 
mention for a tube-well includes a good engine and pump for lifting 
the water, and the use of a power, pump will save the strain on 
bullocks at, lifting water by chtrsa. The engine also can be used 
for other purposes besides pumping. For expressing the juice from 
the sugarcane a mill can be used, run from the engine, giving at 
least 10 times the outturn of the ordinary bullock mill. Or a small 
flour mill can be run and be made a source of profit. The area 
irrigated from one' tube-well is about 8 or 10 pakka bighas a day 
or a total of 200 to 250 biglias in the .season. The cost of the 
irrigation will of course vary wdth the depth from which the water 
has to be lifted. 'I’aking 30 feet as th<‘ average depth from ground 
level to water level, at this depth the irrigation will c.ost about. 
R. 1 per pakka bighf. for each watering, (living a rahi crop three 
good waterings during the fad wouhl thus cost a, total of Rs. 3 
per pakka bigha for the season, a cost which would be recovered 
several times over by increased c.rops due to propei- irrigation. 

Granted then that the tube-well is u.seful, and not costly for 
its output and utility, what, is then* to jirevenl its more extensive! 
use ? The main drawback is the very small holdings of the 
cultivators. A man cannot afford to put in a tube-well costing, 
say Rs. 4,000 which will irrigate ea.sily 2.50 pakka bighas of land when 
he has only a few bighas of land himself to cultivate. The remedy 
for this is obviously co-operation, a number of men joining together 
to own a tube- well, and a, 11 getting water from the one tube-well 
in turn. This Conference is e.specially a co-o])erative one, and I 
would like to impress upon those present the very usefid work that 
can be done by co-operative banks in sinking tube-wells. Success 
has hitherto been such that risk of failure may be regarded as 
negligible. There has been no single case of failure at all with our 
work in this province. 

I am quite sure a tube-well is a sound investment and it is a 
form Of well which 1 am certain has a big future before it in this 
province, the conditions being so eminently suitable, 
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Cold wejither 1ouri?ig is u greal iiistihition in these proviniies 
and the oflie.er who (uunps witli Ids eyes and eai's open will see and 
liear lor himself in what a world of elemental ho]>es and fears the 
majority of tin* ryots move and have their being. TIh'v lia,ve ilie 
ex])eiien(;e of untold centuries behind them and where -iiis 
<>xperien(!e relates to agriculture they ha,v(' for mri(Miioni(! reaso is, 
set if to rhyme. These rough and ready rliymes esca.])e their 
lips from time to time and when they hear you su])port vour 
scientific ex))lanations with an old world rhyme tried wisdo' . is 
imparted to it and it is accepted as gospel truth. On many a wintry 
evening have the old men of the village gathered round the camp 
ol the present writer and talked to him about agricultural ju-ospects, 
Agricultural rhymes have theji acoidimtally fallen from their lij.s. 
The writer has collected th<*se and others froip ftluufuiiblrhui- books 
and privately owned manuscripts prescribing a})})ioprialc days for 
different, agricultural operations. One Bhaddal Hishi is the general 
spokesman. Sometimes it is wisdom a la Saltadeo (the astrologer 
Pandavii) : sometimes it is the devoted wife nagging her })atient 
husband to do something or forbear from doing something else. 

In order that one may pj'ofit by this " wisdoni ' - dull* of 
empirical generalizations or occult pronouniiements— a list of 1 ndian 
^akshatras or Lunar Mansions is given below with the names of 
the twelve, signs of the Zodiac* and it has been shown for Kamwat. 
1972-73 for how' many days each of these nakshatras lasted. The 
• ( ilOl ) * 20 
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niontlis given are Indian months but their English equivalents 
vvhioh vary will be easily available. Tliere arc 12 rashis (signs of 
Zodiac) whudi are divided into 27 divisions called nakshatras, 
each rashi containing 2| naksliatras. 

Most of the sayings turn on raiti — its normal fall or defect or 
excess. The first nuinsoon nakshatra is Mi igshar and commences 
from the ‘Badi 10th of Jetli, 1972. 


Indiftit Nakslmlrnu or Lunar Manxions. 


Constollation ^ 

Date on \vhi(‘h the 
ronstellation be^tins 

Sign of 
Zodiac 

Date on which the 
sun enters the 
sign of Zodiac 

*15) Mni?iihar(l) 

* (6) Ardra 

* (7) Pn liar van (J) 

Jeth Biuli 10. 1972 
' Jeth Siidi 9 ... 

Asarh Badi 9 

) Mithiiii Of 
j* Gemini. 

June 14tl;. 

Do. (i) 

* (8) Pushy a 

* (9) AHhleslia 

i Asharh Siidi 7 

1 Sawan Badi H 

) Kark or 

J (^im*or. 

July 10th. 

• (10) Mofjha 

♦ (11) Piirva PhalKiini 

* (ll?) IJttra Phalffiini (1) 

' Sawan Sudi 7 
, Bhadon Badi 0 

Bhadon Hiidi 1 

isiidi or IjOO. 

) 

August I7th. 

1)0. (J) ... 

♦ (l.*l) ITasta a/m# Hatnia 

* (14) Chitra (*) 

j Knar B.adi 4 

Knar Sudi 2 

) Kanya or 
j Vir^o 

September 17th, 

no. ih) .. 

* (15) Swati 
( 10 ) Vishakha (v) 

1 Katik Badi 2 . . 

j Katik Badi 14 

\^Tnla or 
j Libra. 

October 17th. 

Do U) 

(17) Aniiradha ... 

(IM) .lyeshtha 

1 

j Kat iU Sudi 19 ... 

[ Aghan Badi 10 

Vrishchak 
j or Scoi pio. 

November IGth. 

1 

(19) Mill 

(•JO) Pnrva A»«hai*h 
(•Jl) TTttra Asharh (j) 

! A^h.an Siidi 9 
' PuH Badi 7 

PuM Sudi U 

1 

1 Dhiiii or 

1 SiigittariiiB. 

1 

i December 15th. 

Do. (3) 

(•J2) Shrawan 
(29) Dhani.shta (.^) 

f 

1 Ma<di Badi 9 
' Ma^h Sudi 9 

; [Makar or 
' j Capricorn. 

January 14rh. 

Do. (i) 

(24) iShatatarka 

J[‘jr») Purva Bhadrapad (2) ... 

i 

Mafili Sndi 15 
! Pha(;un Badi 14 

, ) Kniuhhor 
' r Aqnaiiiia. 

, j 

! Fohriiary l'2th. 

Do. (I).. 

(26) Uttra Rhadrnp.ad 

(27) Uevti 

1 

1 Phagun Sndi 12 

1 Ohait Radi 12 

’ \^Min or 
j j Pisces. 

.March 19th. 

(1) Anhwiiii 

(2) Bharni 

(9; Krittika(^) 

i Ghait Sndi 9, 1979 
■ Bynakh Boili 9 
i Byaakh Sndi S 

^Mesh or 
■ j Aries. 

i 

April 12t.h. 

Do. (J) 

(4) Kohini 

(5) Mri^har (i) 

1 

i Jeth Badi 8 

1 Jeth Sudi 6 

1 

1 

j 1 Vrishabh or 

1 r Taurus, 

May I3th. 


, * Rain iiaksliat.rnR. 

//.—The number within tlie brarketn indiratea the ehronolo/jical order of nakihatraa, 
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the •moon in the Puranas is represented as (sourting the 27 
^(feughters of Daksha Prajapati for 1 4 days each. Tliese lUiksJiatras 
are tlie wives of the moon. It is also believed tliat they represent 
the ethereal bodies of pious persons after death and therefore th<n' 
are expected to influeiuse the affiiirs of men liere below. The moon 
is the lord of aushadhis f)r plants and hence his jbiirnevs in 
the firmament are watched with sjiecial interest* b^v iJie 
agriculturists. 

The .seven days of the w(*ek are presided over l)y tin* following 
planets : - 


rtnmlay 

Sun 

... Siirya. 

Monday 

... Moon 

Ohandra. 

'I’ncsday 

Mai'H 

IVfangal. 

Weilnosday 

... Meirmy 

Biidha. 

Thursday 

. .Iiipitcr 

... Brihaspati. 

Kri«lay 

... VonuH 

Shuk'‘a. 

Saturday 

... Hatiini 

Shanishrhaia 


Kor the .sake of ea.sy reference tlie.se .sayings ha v(* lusui absl racic.l 
here under three main heads. 

(1) Rain ])rognc>.stication.s. • 

(2) .Agricultural operations, crop di.sea.s<‘.s, etc. 

(3) (general. 


1. IvAIN PR()(!NO.STK'ATroN.S. 

(d) riiterdriH’iuIciicc In'luren ii'rdlln'r (•omlifioits in iriiitnr mid snintim' 
on the one hand and rainif irnalhri' on the other. 

If on Katik Siidi 1 1th t•lou^l^ and air srrn in tlir .sk\ thru tlirir will hr iJtood lain 

in Arthnili. ^ 

'J’lu* ii|i|)(‘amnrr of riouds ainl litrhlinnir i»n Kalik Sinli lolli w’il*li Knllika a.s Ihr iiakslialia 
foretells four months of ^ood rainfall. ^ 

Kalik Ainawasya fallinj' on iSnlurda\ or Sunday oi 1’hursday in Ihr Swati nakshalra^ 
i!4 an 4>m<'ti of ajiproar'nn^ faminr 

Rain on th<‘ Sth day of A^han is a fr«»(Kl «unrn indi<*atin^ ropions rainfall dunn^z Ihr wliolr 
of ISawan. 

If the 7th of I’liH <zo(‘s wilhout rain thru diirinp 1h<‘ Ardra naksliaira thr sky and the earth 
will bo one with rain. » 

If the l*iiH liadi 7th iw w'ithoul cloinls or rain Sawan Sudi Pnnam will Im* a rainy dtij'. 
Lightning aron on thr Kith of l*iis ih a happy r-ign of eoining rain during tin* wlwtlr of lihadon. 

, If it ruiiiH on thr lOlh of Pus Badi it is pivdiolrd lliat tla-rr w'ill hr a good lainy weaHon. 

If clouds are soon on all .sidc,s on the l.’llh 4»f Pu.s Badi then Sawany Kunain will Ik* rainy. 

If all the four directions arc full of wind on J*uk AmnAvasya, you must thntcjh your cottage 
well *thoro will bo plenty of rainfall. 
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The price of grain will be twice, thrice or four timcB dearer according as Pinr- Amawaaya 
falls on Saturday, Sunday or Tuesday ; if it falls on Monday, Friday or I’hursday every houfc 
will be resonant with dulcet strains. (There will be plenty of grain.) , 

If on Magh Pariwa (bright half) clouds are seen on the horizon and the wind is blowing then 
Til (Sesamum indicuvi) and Sarson {Branttica campeMHfi) will become dear. 

Thunder and lightning on Mngh Sudi 3rd is a ^urc* sign that barley and gram stHxis will be 
dear. If clouds are seen or if it rains on the 4th then p'lv and cocoanut will be dear. 

f Thubder on tho Magh 8udi 7th, Pus Sudi 5th and the 10th of Aghan indicates that there 
will be four fhonths of good rainfall. 

The peptic wife sjK*aks to the husband : - “If Magh Padi 7th i« cloudy and lightning be 
seen, don’t be moody, there will be good rainfall.” (This the jneseiit wiiter thinks refers to 
winter rains or Mahawat and not to the good monsoon rains). 

If the sky is of emerald green on Magli PurnnmHi there will he seasonabh^ rainfall. One 
female friend says to ant/.her “ if no dew is seen on that day grain will bo dear.” 

It is predicted from bright and clear sky in the month of Magh with .lyerthu as nakshnt a 
that all the seven staple kharif crops will be produced. ^ ^ 

[Tho seven Kharif crops are : - - 
Kuri (early rice). 

Kakuni {Setaria italira). 

Mandua {Klunine cornenua). 

Sama {Panienm Jrumeiilaccum). 

Makai {Zea May a). 

Kodon {Paspulum scrobicuUihnn) 

Dhan {Oryza sah’va) ] 

If on Phagun Sudi 2nd there be neither eloud nor lightning it will rain well in Sawnn and 
Bhadon and you will enjoy Tij (Kajri Tij in Hbudon is a gala day for women). 

(bttle siiffcr if J’hagun Amavas falls on Tuesday. 

Jf Phagun has 5 Tuesdays and Pus 5 Saturdays then alas for you, do ru^t even sow your 
seeds. 

If it is blowing from the west on the Holi day the who’e earth will blossom forth ; if from 
the (‘asl then the rainfall will Ik* erratic, if from the south all the seven grasst's will grow w^ason- 
ably ; if from the north then' is sine to be good rain : if the wind is blowing from all the four 
sides then tlie ryots will suffer. 

If there is seveii* dust Htorin {raf: or ashes) (,n the Stii of (’bait ami if the 9th is wet and 
lightning npia-ars there will h(' seven* famine. The appearance of elomls and lightning r>n the 
loth W'ilJ he foJIowerl by faj'lure of rain ; hut if the Kith rs lainUss the monsoon rains will he 
plentiful. 

If seeds are wetted in (JlAiit, and the petals of the beautiful Biiiea froiulosu (J)hak) are washed 
‘in Bysakh and the buu shines at its hottest in Jeth, they forecast go'*d rainfall. 

Whatever be the length in Gharis of diait Amawasyn that will be the measure of the sale 
of unhusked rice in Katik. 

If Revti .‘s wet then* will be no rains. 

If Asbwini is wet there will be deficiency of rain towards the end of the srsason. 

' If on the 1st of Bysakh there arc^ clouds and lightiirrig then you can get very little value in 
exchange for 20 Jaipuris (old Asharfis). 

Bysakh 3rd falling on Thursday augurs well for crops. 

Wet Bharni is a bad sign, it will destroy even ^rassi's. t 

If on the 6th the wind is blowing from tho north then Bhadon will bo a dfy month. If no 
thunder ii|. heaf d on the 6th then cotton will be dear-. If the 7th ends cloudless there will bo no 
rain on-etirth and no hope will be left. Ghee and oil will be twice as dear if tljie 8th falls on 
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Monday, if on the 7th thoro arc oloiidH and rain there will bo much rain in A»harh. If the 
Jth seoB lightning, clouds and dewy j)rooipitation, then all the four^nonths will rain wdl. If 
0 tlio 7th is cIoudleHH and 8th cloudy, Asharh (the principal rain moijvh) will bt' dusty. Even 
big lakes will dry up if the 9th is cloudless and there will bo no rain. If there is a Mandal or 
watery halo round the moon on the 9th move away your cottage, don’t trust. 

Wet Krittika is a precursor of plentifid fall at the end. 

If Krittika rains grain will be dear, if Mrigshar rains then there will l>e biirn|K’-r crf»ps but 
if Rf)hini weeps then direst famine will follow. • • ^ 

If Krittika is dry and Ardra doen not rain a drop Rhaddari is croaking arid^tleelares “you 
know very well that havoc will be wrought by famine.’* This is just the time for Ho\^ng Kha if 
crops and un’ess the means of irrigat ion an* at hand absence of rnin at that time is fatal. 

The Moon has 27 companions but if only Krittika sprinkles the earth, eve ything is^all 
right. If there bo no wind during Mrigshar and Kohini oonstellations. if Jyeshi ha dot's not Ijake 
(people) all round, then the fair lady ((3ouri) will have to stay out on ioads picking liallast stone. 

Rohini naksh itra falling on Badi 19th prognosticates tiiat there will l>e little rain and little 
grain ; if that dsy is eloufly anrl it thunders “ you, dear, go to Malw' i ” says the lady “ anr> 1 to 
CJujerat.*’ (Malwn in (’/entral India and (lujerat in Western India are in popular imagination 
proof against famines.) 

For winter rains it is Hai<l that if clouds eome on Friday and stay on on Satui*day t hen 
Bhaddar Rishi declares infallibly that they will not go away without la.ning. 

It is not easy to say what the Bay or the S. W. Monsoon Current 
has to do with the N. W. Current well established in Upper Indie.. 
But one has to liv^e and learn and ultimately sejme eonnection 
will be established between, the monsoon and winter rainfall. 

(6) Hain duriwj the four months of rainfall and its effects on crops. 

If Jeth Parewa is hot and the 2nd thunders thorcj is no doubt that the yc ni will la* a good c*iie. 

If Joth Badi 10th falls on Satiirtlay there will l>o no water on the earth. 

Famine will follow if it rains on Jeth Sudi 3rd and the constellation happcfis b) Ih' Ardra. 

If Rohini is wet and Ardra is windy then sell off your bullocks, there will be uo protils in 
eiiltivatioii. 

If Ardra is not rainy and Mrigshar is without wind Bhatldari declares tlmt there will not 
he a drop of rain. ^ 

If the beginning of Ardra is rainy and Hast is wet at its tail then whatever tax the kieg 
may exact from the Ivnants the cultivating householders will bi'^happy to pay. [TJk^ reason 
is simple. Early Artlra rains arc requiied for rice and tail Hast rains f(»r maturing kharif crops 
and preparing fields for rabi.] 

East wind blowing in Joth is a precursor of dust storms in Sawaii. 

If the month of Magh is hot while Jeth is cold and if tanks a’c lill(*tl up by tlie first rains 
then the poet Ghagh declares “ Better bo an ascetic (times will bt* linifl for agriculturists while 
the asoctio will get his broad anyhow) bi'cause Dhobis will have to wash clothes in water dr|iwn 
from the wells (rivers and tanks will be <Iry). 

If Asbarh Ba<li .5th is cloudless the dear one must go Uf Malwa to Ixig for bread. 

, The Bliaddar 9th (Asharh Badi 9th) falling on a Saturday is such a bad omen of impending 
famine that not a soul will outlive that ycur. 

The Asharhi Punam has thundered and all the seven kharif crops will nature. If oven * 
the tfp of the temple banner is wetted that daj" by rain there will lie g<jod times all rf>uiid. 
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it tho wind is coming from north>ua8t‘ on AHharhi I’unam tlion, oh cultivatai/#on^ yoar 
crops on uplands. (Tliorc will Iki plenty of wivU^r to inundate low cultivation.) • 

If the m'^>on list^s cloudtess on Aaharh Ptiuini. you doarpst go to Malwa, there will be aouttf 
distress here. 

The wind blowing on the evening of AKharlii Punam in the middle of the sky or from tho 
east, north or north-east is good. That fnmi stmth-east, south-west or noilh-wcst is very bad. 

Tile astrologer diHjlares “ Why are you east down ? Asliarhi Jhinam ha thundetod and 
all the seven k)iarif cnifw will grow.” 

If Chitra,’ Swati and Vishakha rain in Asharh tlM*ii husbands must go to another oountiy, 
oh frivmt/fvr thciv will lie a very seveit; famine 

If Piishya and Punarvas did not fill the (anks then exiHict rain next Asiiurh. 

If the sun risiis cloud-covoml on Sawan Hadi oth, then move oil your lint from the hank 
of the river. 

If on Sawan P-idi otl*/ it is blowing, then there will Ik* a famine and hiids in anticipation 
migrate to other countries. 

tf on the midnight of Sawan Sudi 71 h there is thunder, then you dearest go to Malwa, I 
siiail go to Oujerat. 

Tf Ohitra, Swati and ^’ishakha of Sawan do iji»t rain down, garner grain ; it will he worth 
twice as nineh. 

Just as a ehiid is not satislii'd till the mot h(*r has serM*!! np the food so llie soil is never 
satiated unless it rains in Magha. Tiie Ultra has given her answer (in the negative*) and 
Magha kept her rnaw shut, times were haei and Phil in gave leply and t he situalion was saved. 
(This is for rubi sowings.) 

Ho who says that tlieiv will Is* rain in Magha, why ht* will sts* fruits on all plants. 

Magiia is proclaiming at eve^ry field bomidary her 'iiHiumce and big and small, all rice stalks 
bear (;ars. 

If on the Amawds of Bliadoii a raiidiow is seen in the west. Iliere is the cry of ‘alas.’ 

The east wind blowing in Bhadon wdl make rivers happy and boatmen ply their trade. 

If oast winds blow during Purva nakshatra, then even in diy river ehanriels you will ply 
boats. 

It is bad for Purva to bi‘ rainy. 

It is said He who H^^ys that J’lirvn will rain df»wn all fliecrojis will be eutem by worms.” 

If it rains wt*ll in Ultra then? will be such a biii!i|K*r crop that even dogs will not eat the 
su[)eriluous outturn. [In tJie western districts it is not nwessury to have much rain after 
Uttni. Kburif cn»ps Jiave already matumi and rabi soil is coohal down. However where 
there is transpianUd riw Has^ rains are wantetl ] 

Oh rice — you get luinds and f«*t in Hast, in Uliitra you get flowers and when Swuti is coming 
on, you art* sprcaduig like a flowing robe. If Magha rains w*ell, nothing more is desired. If not 
t^en you might wring your hands. 

If Hast is rainy then wheat will grow up to the chest. [Hast ruins cool the soil and if the 
moisture is well conserved by good tillage and producing a mulch at tho top wheat will grow 
oven without much subsequent irrigation.] 

Tho elephant (play on the wonl Hast) has wuggtd his tail and the Jowari crop has been 
rijioT.td withoutj,any more ado. (This espociallyi reefers to parts where September rains arc most 
prized for maturing tho khanf crop-* and crsiUng the ground for winter sowings. ) 

If it rains in Hast three crops pros|jer. Rice (Shall), Sugarcane and Urid {PkanevlH^ 
rfidialns). If it rains hard in Hast three crops are ruined —Til, Kodon and Kai>as. ‘ 

If it rains in Chait three crops are spoilt, inothi, pulse (Urid), and sugarotfne. 

If thoi^'j is tain in Swati and Vishakha neither will there be spinning nor will the music of 
cotton ng be hoard. 
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A Hnfbll f«D in Swati (not a h<.*avy and oontiuuuuH downpoi^, otherwis ‘ cotton and dry 
•kharift* will be ruined) ia ho beneliceiit that Kuriiii« (cuJtivatorK) wiM put on goldi-n ImngloH. 

« If it rains in the middle of Puh the wheat plant will yield half itH weight of grain and half 
its weight of straw. It will l>e a Hidoudid crop. 

, Without Tula (sun entering Libra) rice ears will not ap}X)ar. 

If the caHtem wind blows without ceasing and the widow puts on oniamentH, us sure us 
anything, there will bo rain and she will lead |>eop]e asirny. 

Thunder in the south- west proniifH^s an early rainfall. * • 

Rainfall will be plentiful if theie is lightning Itmartls Kampilyii. (Tlifh jii^overb is of 
JStawah District.) • * 

Partridge-colourcil clouds with col lyri uni -like stiTaks on them indicate Oial tJiere will lie 
good rainfall. 

If gusts of wind come like a hopping partridge then Bhaddari declares there will )u' gcnid 
rainfall. * 

Good rainfall is also jiredieted if water gets M'artn by keeping, birds wallow in dust, and if 
ants inigrute with their c^ggs. 

If the moon is cloudy and the day is hoi witli sun and tlie eve briglil with sIju's believe them 
as sure signs of famine. 

If clouds start coming on Friday ami hank upon Hatunlay there will surely be rain. 

(.’rows ( awing at night and jackals liowling by day jirognosl ieate that lb'‘re will w^rtainly 
be famine. 

liains when cotton is nearly ripe min the crop. 

If the wind blows iJriiperly from south- W'est then you will get ])I(‘nt\ of water at In ine, 
[This south-west wind is also call(><l Jlanuirn and Banda.] 

Jf olomls overtake clouds on the horizon then Bhaddari declares that rain is iinminent. 

The howling of Jaekals during tin- day and the tiowering of weetl give no hnjiecif ram. 
{Kans is floodinl out ami killed by goisl rainfall before it tlowei-s.) 

The Mohumin whioli i« associated in populiir mind with 
hmying of the old and the resuiTection of fresli life' lias intel•'wo^^en 
its importance into the lives of cultivators, he they Hindus or 
Musalmans, and therefore the fall of the .Srd of Moharrani on any 
particular day of tlie week is carefully watched to draw omens from. 

If the .'Ird falls on Sunday, then theiv will lie goVl rainfall, grain cht'ap and 
bumfwr croji of sarsoii {Bransirn Tria-H will bear many fruits, wheat will be 

good, sesainum and grass plentiful and milch animals will prosper. Only cotton will lie poor. 
But if the 3rd falls on Monday there will be lialf the normal rainfall. Grain will, howe^.r, 
ho cheap, soHamurii and ciilton go<Kl and sugarcane plenlifni. If it falls on TucMlay it will bring 
on unseaHonable rainfall ami famine. Fmits will be blown off unripe. Sesainum, sugarcane 
and cotton will bo scarce. Servants will leave their masb-rs and ijai-ents their childivu. Locusts 
will conic. If the 3rd of Moharrani fulls on Wednoadny, Til, (Jehim (wheat) and (fanna (sugar- 
cane) will be dear, but there will I e jilentifiA melons and locusts. The saiiu* event commg on 
Thursday will give plentiful rains with good emiw hut the winter will be very cold. If it comes 
on Friday, grain will lx* chea]), there will lie plenty of milk and a bumper cro]) of wheat. If 
the 3rd falls on Saturday, cattle will dyj in great numbers. [These prognostications aboat 
wcathcf are given out by one Fateh Ali Bhaddari of Azamgarh District.] • 

{To he corAintied.) , • 


I 



NOTKS. 


< Mixed crops. The Indian custom of giwiug giam and wheat 
together as a mixed crop is well known and has often been 
described in the literature. The pra<5tice is particularly common 
on tche black soils of Peninsular India and also in the tract comprised 
by the Western Districts of the Dnited Provinces and the Eastern 
Punjab. The advantage in mixing the crops is generally considered 
to be the insurance obtained against an entire failure of the hc.rvest 
in years of short moisture. Under such conditions, the deep tap 
root of gram is supposed to reach the lower layers of the subsoil 
and to abstract moisture therefrom. 

The mixture, however, has anothe? advantage and this is 
concerned with the nitrogen supply. On the black soils of the 
Peninsula, it is exceedingly probable that denitrification is (jommon 
during the monsoon phase, and that the amount of available nitrogen 
is small at the time when the rahi crops are sown. In November 
and December, the wheat crop in this region looks very thin and pale, 
and the foliage is wanting in that lobust e.ppea.raiuje (iharacteristic 
of wheat grown on land moderately ri(;h in availaWe nitrogen. If 
the supply of nitrogen is limited, it would obviously be a g7*eat 
advantage to the whisat to be grown mixed with a crop like gram 
\thich is able to make use of atmospheric nitrogen and so relievo the 
pressure on the combined nitrogen. A similar state of affairs exists in 
Northern India. The marked response of wheal to organic manures 
on the somewhat sandy loams of North-West India, where wheat and 
gram are grown together, indicates that here too it would be an advant- 
age to limit competition for the nitrates dissolved in the soil water. 

An interesting confirmation of those ideas has just been obtained 
in the Botanical Area at Pusa. Of late years, a number of new, 
" whej^rcrosses have been worked out between Indian type'^ of high 
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grain qtiality and rust-resistant, strong-strawed kinds. The 

work is now in the sixth generation Sind new rust-resistant forms 
have been fixed with exceedingly strong straw and vigorous 
rooting power. These withstand wind, retain their erect habit u]) 
to ripening time, and stand out in strong (iontrast to ordinary 


Indian types which always lean away from the prev^jling wind. 
The single plants of t hese crosses were sown as usual grain Jiiy grain 
in October 1916 in small plots of three lines each and the cultures 
were separated from each other by a line of gram. The field vvr.s 
therefore a mixed crop of wheat, and gram in the pj'oportion (>f three of 
wheat to one of gram, a mixture, as legards tlie relat ive amounts 
of the two constituents, not unlike that often met with in practice. 

As the wheat ripened, a curious phenomenon disclosed itself 
all over the (iulture field. The outer lines of wheat of eiudi plot 
next to the gram were distinctly taller than the middle line and 
appeared to he more vigorous. These lines were growing in soil next 
to the gram and therefore would be expected to obtain more nitrogen 
than the c.entral line of each wheat plot. At harvest lime, weighings 
were made of the seed of ‘20 plants taken from tlx* middle line of 
plots and from the corresponding outer line next to the gram, '’’he 
first of these jdots was about the centre of the field wJune the soil 
was not very fertile. The second was towards the southenr eml of 
the culture field where the natural fertility was (ionsiderably grciUer, 
due to accumulations of silt formed by the natural terracing of the 
field. (V,re was taken to select re])resentative .samples of the 
whole. The results were as follows, the weight of the .seed of 20 

plants being expressed in grammes : 

...... . - J- - . 


Kow next to 
' jjram 

I 


IriHidc row 


Pei cental*’ 

infiease 


1 I 178-4 

2 302-0 

i 

Total I 480-4 


108-5 

65 

1 

241*2 

1 

25 

340*7 • 

I Avei-nfifo 45 


The total difference in favour of the w'heat next to the gtam is 
therefore 130’7 grammes and the average increase is 46 ^er cent. , 
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Wiitghings were next taken of the grain of the whole of the 
outer and inner 4ines of two cultures from the southern end of thd 
field. The results, in grammes, are given in the next table : — 



Outer row 

j Inner row 

i 

Outer row 

' 1 1 

594 

470 

631 

•2 1 

661 

548 

621 

Total 1 

1,255 

1,018 

1,256 


In the first case, the average increase of the outer lines above 
thejniddle line is 145 grammes or 30 per cent. In the second 
case, taken from the most fertile corner of the culture field, the 
average increase is less, namely, 93 grammes, or 17 per cent. 

It vrill be observed that, in all cases w'here the soil, judged by the 
vigour of the wheat crop, w'as riclvest, the difference between the 
yield of the inner and outer row's is less. This fact supports the 
explanation that these differences are due to the nitrogen supply 
of the wheat. Taking all four determinations together, the average 
increase in grain prodmjtion of the lines next the gram is 34 
per cent, above that of the middle line of each plot. 'Flic figures 
indicate quite clearly that there is a marked advantage in grow'ing - 
mixed crops of gram and wheat on soils where combined nitrogen 
is a limiting factor. — [A. Howakjl)]. 

# 

* * 

The effect of Sulphur on crops. Attention was drawn in April 
1914 in a note in Vol. IX, Part 2 of this Jounu).l, to certain 
observations on the effect of sulphur on crops, and it was suggested 
that it would be worth while testing the effect- of sulphur on soils 
where it had not been previously tried. 

In 1916 such tests were made on the Kanchi Fann, quantities 
of sulphur from 10 to 40 lb. and gj'psum containing some 30 lb. of 
sulphur per acre, being severally applied to a large number of plots 
of groundnut. 

The effect was in every case very remarkable, 'the gypsum 
producing an average increase of 8 maunds per acre of groundnut, 





rtiwl plots to which sulphur or gypsuni was applied being very 
much mote luxuriant than the control plots’ 

As far as could be judged by appe».raiices, 10 lb. of sulpliur 
per acre produced as much effect as 40 lb. *but the larger quantities 
gave slightly larger yields of* nuts. 

Twenty pounds of sulplmr pet a(;re applied to rape <?lso prodqped 
a remarkable effect, the crop being very much more luxuriant and 
continuing to flower for quite a fortnight longer where the sulphur 
was applied. • 

In a paper in tlic Jourml of Ayrimllnml /{(tseAirch (Vol. V, 
No. 16, of January 17th, 1916) Walter I’itz, Assistant Agiiculiural 
Chemist of the Agricultural Experiment Station of tlie Univelsity, 
Wisconsin, sliows by j)ot experiments with two soils, iJia.t small 
quantities of calcium sulphate may inci ease the growth of legume 
bacteria and the yield of red clover— an increase which is accom- 
panied by a greater joot development and a.Ji increase in the number 
of nodules. The snu'illest proportion of calcium sulphate used in 
his experiments would, however, even if calculated only on th<‘ top 
4 inches of soil, coimote an application of more tluMi five times the 
largest quant it y used per acre in the expel imeiits at Ranchi ; and 
it would seem jirobable that, in laboratory (ixpeiiments with 
sulphur, increments of the order of O'OOl per cent, of the weight of 
soil would give more useful results than iniirennuits of ten limes 
that magnitude. 

The Monthly Bnlletin of Ayricnltoml InlMiyenw <tiul PUiiit 
Diseases for December 1915, contains (p. 1,029) iMi abstract of a% 
paper by E. C. Rimes, iSuperintendent of the Southern Oreyon 
Experiment Station, on the effect of sulpfiur on alfalfa at that 
Station. 

Many refercne.es are also given to previous pii.pers on this 
subject. — [A. C. Dobjus]. 

* 

# * 

An interesting note by Mr. Barnes, Agrii/ultural (liemist, 
Punjab, has been received dealing with the mineral constituents of » 
cotton lint. It arose from the supposed adulteration of raw Chiniot 
cotton, by the addition of earth salts to increase the hygroscopic 
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properties and the investigation of such a possibility lede to* the 
discovery that the inorganic constituents of this cotton fibre were far 
more variable tJmn had hitherto been supposed and the large" 
percentage of magnesium chloride it contains seems likely to seriously 
affect the reaction of the fibre to dyc». 

, We qu(»te Mr. Barnes’ summary in extenso as it points to another 
factor whihh will have to be oonHiderod by the grower, breeder, 
and buyeV. 

• “ There appears to be no evidence of the reported practi<‘e ot 
salting the cotton to irun-ease its water liolding capacity. Mr. Arno 
Scihmidt reports that lie has seen watering of raw cotton actuahv 
takifig place, but thi« i« e, crude form of sophistication and will 
certainly lead to deterioration of the fibre and cannot but 
come to the notice of the huving agents of e.Yporting firms in 
India. It will tlms rehound imni'*dia:,'ly on the persons 
pmctising this fraud and c.*.ii be dismissed from the scope of this 
empiiry. 

“The comiJaint of Messrs. Volkart that the Chiniol cotton 
contains an unusually high percent«ge of niagnesiuni chloj ide seems 
to be true, but we do not think that this substance has been 
artificially added, foi the analysis of .sample Xo. 53 shows that it 
compares with other genuine samples in the amount of Wider and 
mineral matter which it contains. The i*.ssiimption (hat cottons 
giown on saline soils will pro.luce a fibre more heavily impregnated 
with mineral matter does not seem t.o be jnstified by the results, for 
iilkaliiio soils are much niore ])revalent in the Ihinjab tlian in Bombay. 

“ The total amount of ‘ash material in cotton fibre .seems to luivo 
[)een iinder-estimeted Ifv previous workers who seem to have assumed 
that this was largely dno to foreign mineral matter in the form of dirt 
in the baled cotton. 

‘ The jiresence of highly viirying (piantities of silica esjiecially 
seejm to havp escaped attention, r.am inclined to lay considerable 
stress on the established f(ict that genuine cotton fibre may contain 
upwards of ('iie per cent, of ash, and that the composition of this 
iwsh is variable and variable to a far greater extent than has hitherto 
been supposed. 
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^ ^ i)Hdff t‘l)iB will sBriously 8lf6(jt tli6f 

• ! eacti<» of toe fH)re to 4yes— how far it will affect the tensile strength 
•find keeping qualities of the fibre remains to be shown. It is 
evidently^ factor which both giower and breeder must take into 
consideration, namely, the nature and quality of the mineral salts 
taken up by different varieties of cotton grown in tl^ saipe soil, 
and under the saine conditions, and how far climatic va»iation will 
effect this, as well as the effect of these mineral consiitnents on the 
(ionunercial value of the fibre.” 


* 

* * 

Abortion Bacillus. I’he remarkable discovery of G.» C. 
Sch.roeder and W. K. Cotton on the persistence of the e, boil ion 
bacillus in theniilk of cows, and particularly the demonstration of 
the fact that in oiu' (iase it Mas eliminated from a cow’s n.'dk for four 
and a quarter years, is a most interesting eontrihution to what was 
already known concerning the bacillus. As far .is our prelimiuaiy 
investigations have gone in this direction, vve lincl that tlie 
bacillus is jJi'esent in the milk of cows in the herds we are using 
for our work, and this milk injected into healthy guinea-j igs 
does produce pathological lesions and deatli. 

We collected in NovemlxT hist year a number of samples of 
milk from tows whi< h were kiiown to have idioiieil. I'tn ,st 
regard was given to fisopsis in order to elimiinde a,].! possibilities of 
extraneous contamination. SteiiJe tubes were filled by squii+ing 
the milk theiein fiom seune distance. With this milk guinea-pigs 
were inoculated iiitra-peritonoally with quantities from 5 to 15 > •. 

Before injecting the milk wa.s waimed to prevent shock. We 
find that guinea-pigs can aecoirmodate large quantities of milk 
without any discomfort. Workeis in this laboratory have used 
as high as 30 cc. without untow'ard results. 

ITie first guinea-pig died ^n the thirty-sixth day^followdng the 
infection, the second on the fojty-fiftb^day, amt several between 
this later period and the fifty-sixth day. Post-mortem examinations 
of these pigs revealed the characteristic enlargement of the spleen. 
The lymphatic glands presented signs of degeneratiitn. ^The liver 







vWM enlarged, with whititii apots throUg^^t; ’In 

some of our guinetf-pigs the characteristic chants in the uitgans 
were not so pronounced as recorded by Schroeder and Cotton, but 
this may have beoi due to the culd quarters reducing the vitality 
of the small animals, so that they died. before any great degenerative 
ohajigesjiad 4aken place. Further, our organism may be of a greater 
virulence. *fn all our autopsies the clinical lesion in the spleen was 
taken as suggestive of infection, and it was from this organ that our 
fiultfures of abortion were obtained. Spleen pulp spread over the 
surface of the solid tube media gave excellent growths in reduced 
oxygen. The bacilAis obtained in these (uiltures possessed more 
rapid' growing qualities than those obtained from material in the 
original host (the placenta and uterine contents ). — Bejmrt of Teteri- 
mry Director-Gewral , Conadn. 


* 

4c i 

Root Pruning. This operation is performed in the ra.se of 
those fruit trees which make a free growth, but prodiute little or no 
fruit. This eperation also requires .skill and experiom e. To tio tl'.is 
properly, dig a trench in winter 3 feet deep around the tiee and 
about six feet away from the main stem. Any root met with while 
digging the trench should becait back to its inner .side. If oidy few 
roots aie met with at the above-named di.stance from tlio main stem, 
then dig gradually closer to the' latter all around until you leach 
a point where root growth is prohise. Then (uit off all tlie main 
roots to be seen with a sharp knife. When this lias been done, mix 

f) 

the turned out soil witJi one or two dozen baskets of rnanuie and 
return it to where it was taken from. — T/ic Fruit Gordon in 
Indio. 
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The Milk Problem In Indian Cities. By Lemuel L. Josht, B.S<i., 
M.D., Municipal Analyst, Bombay. Published by Messrs. I). 
B. Tarapovevala Sons & Co., Bombay. Pri(?e Bs. 5. 

t 

It cannot be said that this work is an addition to the literature 
on the question of milk supply in the East as it really is the beginning 
ot reliable written records and conclusions on the all-important 
subject 01 the milk supply to Indian urban communities. Mr. 
Joshi has a wide experience of the subject from the publi(! health 
point of view, and although to .some extent he deals with the techni( al 
or dairying side of the question the book cannot be regarded 
as a work on dairy tec.hnology, but rather as a lead for the educated 
public in general, and those engaged in safeguarding public hec/ith 
in particular on th.> milk question in cities. 

The pictiire which Mr. Joshi draws of the present condition of 
the dairy industry in India corroborates the fi?idi?igs of the Board 
of Agriculture at their Coimbatore meeting, and in no way does the 
author ovei-state the case here. After reviewing the pre.sent condi- 
tions of city milk supply, Mr. Joshi goes ojf. to describe what he 
considers to be the reasons for the exisring/leplorable (ioiulition, 
and then he suggests certain lemedies. The conclusions drawn »s 
to the cause of the existing state of affairs are sound generally, anti 
Dr. Joshi classifies remedial measures under three heads : - - 

(1) Economic, educational, and general measures. , 

(2) Sanitary measures. 

(3) Legislative control. 

‘ Ip connection with (1) the author ntaterially gives prominence 
of J)lace to the breeding, rearing, and tending of a tViaf purpose, 

( ) 
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COW for India, or in other words, a breed of ox of which' the 
males will be suitable for draught and the females for milk 
production. 

The question of improved feeding, housing, and general care 
of the animal is fairly fully dealt wiAh, and the difficult problem of 
the organi^tioii of cow-owners for the purpose of selling their 
produce and generally applying modern business methods to the 
industry -is discussed. Co-operation is recommended as a means 
ofisolving this end of the problem, and it is a pity that Dr. Joshi did 
not give us more details as to how such co-operation might be 
applied in India. Throughout the work he quotes freely what has 
been done in other countries, and he might well have given more 
particulars of how co-operative methods have been applied to the 
needs of the dairy industry, especially city milk supply, in Europe 
and the Colonies. Not only so but the knowledge and experience 
Dr. .loshi exhibits throughout this work would well enable him to 
enlighten us as to how foreign co-operative propaganda could 
specially be applied to Indian conditions. Various measuics to be 
undertaken by the State in the direction of educating the cow- 
owners and the public are dismissed, and the author's suggestions 
here generally follow the lines of the recommendations of the Board 
of Agi'icultiire. 

Dr. Joshi rightly believes that the economii;, sanitary, and other 
measures advocated should take precedence of legislative action, 
but he regards the latter as a necessary coi-ollary of dairy educative 
propaganda. His recommendations as to the fixing of standards 
of quality are in the main sound, and the difficulties of differentiating 
between cows’ and buffaloes’ milk and fixing standards applicable 
to both are dealt with. The question of estimating the cleanliness 
of milk by its bacterial contents is very fully discussed, but although 
the author is cautious in his recommendations as to fixing standards 
of bacterial contents, here the practical dairy expert will not follow 
him, until it is more clearly established that the figures given as 
quantities of germs present in given quantities of milk are really 
what they represent, and until this fact can be readily demonstrated 
to the 01 dinary well trained dairy manager. 
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Orf the whole, the work is a sound treatise on an all-important 
, 'subject, and the conclusions drawn by Dr. '.Toshi might with 
slight modifications be taken as the basis of dairy refojm here. — 
[W. S.] 

* * 

* 

Well Waters from the Trap Area of Western India. By Habols H. Mann, 
. D.Sc., Principal, Agricultural College, Poona (Depanthient of 

Agriculture, Bombay. Bulletin No. 74 of 1916). Price A 4 . 6 

or 7d. 

f 

Tndta is at times visited by severe droughts which effect 
considerable tracts of country, and cause much distress to’ the 
agricultural population. Government tries to render the work of 
the cultivator as far as possible independent of the variations of the 
season by the provision of suitable irrigation facilities. By anicuts 
and canals fullest advantage is taken of the vraters in many of the 
great rivers. Iriigation from wells is also made use of t(. a 
consi lerable extent and has the advantag.^ ()f being cheap enough 
to be withiti the means of the cultivator. 

In Western India, except for a cotnp.arat-ively small area, serv ed 
by canals and tanks, almost the whole of the irrigation is conducted 
from wells. The total number of wells is enormous and they are 
a very important factor in the agriculture of the country. 

The problems presented by well-irrigation are hence worth a 
closer investigation in their chemical, geological and engineeiing 
aspects than they have received in the past. Dr. .Mann’s paper 
is therefore ’Very welcome. 

In the trap area, the water in a well is almost always what 
may be termed “ fissure water,” that is to say, it is not a generalized 
subsoil water which is tapped, but water flowing in definite fissures 
in a definite direction. In digging a well one has to take his chance 
of meeting a fissure containing flowing water. Thifi makes* any 
attempt at digging an ordinary well by tube boring or by any other 
means of digging a narrow trial hole, of very uncertain value, 
unlees the presence of water has been made fairly certain 
beforehand. 


• 21 
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The above is, of course, the general case. But there are a con- 
siderable number of enclosed valleys even in the typical trap ared 
where there - is a generalized underground water supply over a 
limited area. 

Analyses of typical well waters sire given by T)r. Mann. Atten- 
tipn is- drav/n to the fact that the application of certain well waters 
makes th^soil very impervious to water and hence very hard and 
difficult to wet. In such cases the waters contain a large quantity 
ot alkaUne bicarbonate and a small quantity of other sodium and 
potassium salts. If chlorides or sulphates in larger quantity accom- 
pany these alkaline bicarbonates, they are relatively innocuous ; 
but' if the bicarbonates of the alkalies are present in quantity greater 
than the chlorides, they are injurious. The actual effect seems to be 
a destruction of the tilth of the soil owing to a deflocculation of the 
colloid clay mateiial so that on mixing wifli water tlie solid matter 
i-emains suspended for practically an indefinite ]»eriod. 

As tt- the amount of dissolved salt in the water which will 
render samples ,of water unsuitable for iriigation, it has been found 
tlxat, so long as these do not contain a large excess of alkaline 
carbonate or bicarbonates in excess of the amount of lime salts 
and of the chlorides and sulphate, well waters are useful for 
irrigation until the amount of salt reaches 200 parts in 100,000 
(or 0’2 per cent.) 

At Dhulia a systematic study has been carried out to ascertain 
to what extent the character and quantity of sjilts vary at different 
times of the year in the same well. The extraordinary constancy 
in the composition shows that the water which is drawn up from 
rock fissiu'es in wells like that at Dhulia is not surface water, but 
represents the tapping of a very considerable underground water 
reservoir. This might have been also concluded from the fact 
that the supply, though diminishing in the hot months, never 
ceases. 

An examination of the waters of some weUs near Surat proved 
the interesting fact that in this part there is not a general reservoir 
of subsoil water. The water difiers in composition and depth in 
different "wells within a short distance from one another. When 
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a w4U iaiomptied the water usually flows into it chiefly, if not entirely, 
from the eastern side. 

• Nearly all the wells in this part of Gujarat are somewhat salt 
due to a continual seepage from the sea. During the famine years 
(1896 and 1900) the sources from which the wells in Gujarat are 
usually supplied were dried up and many of the wells' grtftiuaUy 
became salt. Many have remained so, and useless ever since \ others 
have gradually after several years become sweet again. This can 
only be the result, it seems, of sea water coining in, when tlie fre& 
water cuirent from the East, which usually kept it back, failed. 
The effect of short rainfall in Gujarat on the chiiracter of the water 
in the wells is thus serious and the permanent effect of a long drought 
may not be limited to its action on cattle and men. It follows 
also that there is much danger in utilizing too great a proportion 
of the water available in such wells, and the haphazard use of wi^ll 
water for iirigation purposes ought to be put a stop to. 

The authoi is to be congiatulated on this excellent work and 
ihe results of his further studies will be awaited wilJi oonsiilerahl * 
interest. — [J. S.l. 

* # 

* 

A Soil Survey of the Guntur Delta. By W. H. Harrison, .M.Sc., and 

B. ViswANATH, Bulletin No. 70, Department of .\gricultii’'\ 

Madras. Pri(;c R. 1-8 or 2s. (id. 

The importance of a systematic study of the field differences 
in soil is recognized by all interested in agricultural work. Not 
only is the result of the soil survey of a locality of gi-eat helj) to tin 
practical farmer, but it also is of use to a wider ])ublic in as much as 
it furnishes an important factor for the deterininatioii of land 
values. 

Dr. Harrison and his assistant have just published a second 
instalment of the result of their^survey of the Madras, soils, the 
first referring to the soils of the Tanjore deltf^ (Bull. 68). The present 
work deals with that portion of ]the delta of the Kistna river which 
lies in the Guntur district and ii? under the Kistna irrigation project. 
Ill saniples of soil were collected from typical fields whose ’‘recent 
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manurial histoiT could be obtained and which are undeiii paddy 
cultivation. • 

The results of the analysis, which consists of the estimation 
of lime, •magnesia, nitrogen and total and available potash and 
phosphoric acid, are entered in a taWe and also shown graphically 
inrmaps ofVhich there are many. 

A .stuily of these maps is very instinctive and selves as a guide 
to the manurial requirements in different areas. 

Tt is seen that the nitrogen content of tlie delta soils is low and 
the introduction of special manurial methods with the object of 
rectifying this would lead to great benefit. It is further seen that 
the effect of the river silt, profoundly modifies the manurial character 
of the .soil of the delta. The silt of the Kistna river is rich in lime 
and magnesia and total potash and phosphoih; acid, and therefore 
it would be expected that the soils which come under its influcncie 
would materially differ from those not affected. Thus it is found 
that the coastal soils and those in the (;entre of the delta are generally 
clearly deruarked and are of the poorest quality. 1'his fact woidd 
appear to furnish an argument in favouj- of the conseivation of tJu* 
river silt. — [J. S.] 
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SIR EDWARD CHARLES BUCK. K.C.S.1. 


3n fl>cmoriam, 

Sir Edward Charles Buck, K.C.SJ. 




In the early days of July intimation reached Simja tljat Siv 
Edward Buck had died in Rome where he w'as a<^k:«ding tte 
meetings <.f the International Institute of Agriculture qii repre- 
sentative of Great Britain and India. Thus did the veteran erjd 
lus days as he would have wished, feithful to the trust .i'hich he 
made his own nigh fifty years ago. * 

The name of Sir Edward Buck will always be associated uith 
the establishment of an agricultural policy for India. He may 
not have had that close association with agricultural experiment 
which has become the feature of more recent years. But Ae laid 
the broad lines of principle on which have been built up our Agd- 
culture, Settlements and Land Records, Statistics and Faniine 
Relief, and he is responsible for the sound foundation upon which 
the general revenue system of the Indian Empire rests. It v as 
not his to see the later fruition of his efforts in the great expans’on 
of agricultural investigation which came with Lord Curzcm’s 
Government, for he retired from the service in 1897 ; but to the 
end he kept in touch with its activities, and nearly every rear 
personally saw its progress in his loved Provinces of Agra and Oudh. 

Sir Edward Buck was a great personality, full of ideas and of 
extraordinary singleness of purpose. His whole career was devoted 
to Revenue from the days that he arrived^ in the North-West 
Provinces as an Assistant Collector in 1862 till he retired, after 16 
years’ service in the Government of India, in 1897. In his retire* 
ment he still kept up his interest in India and its problems, and his 
name will always be held in affectionate remembrance not only by 
the hosts of Europeans and Indians who enjoyed his personal friend^ 
ship, but also by all who have at heart the real dev^opment of 
India. He was “ a very perfect gentle Khight ” and his memory 
will for lorn? remain crreen. Mav he rest in peace ! 



EDITORIAL 


With the next issue of this Journal we shall introduce certain 
changes which we» trust will tend to popularize it. Through the 
eleven years of its existence the Journal has maintained the high 
standard of excellence with which it started. That standard, it is 
hoped, will be continued ; but there is a feeling that the Journal 
might, without detriment to its traditions, be made of more general 
and popular interest. While therefore it will contain, as in the 
past, articles on specific agricultural and scientific questions, an 
attempt will be made to widen its scope so that it will be more the 
Journal of the' Agricultural Departments and of the agricultural 
workers of India. 

We shall therefore welcome contributions from all who are 
interested in Agricultural and Veterinary matters. Irrigation 
problems. Co-operation and Agricultural Economics and, in particular, 
from those who have the practical problems of agriculture to face — 
the Planting Community and the large 2jemindars of India. Q'o 
them our columns will always be open, and w'e shall welcome all 
enquiries or criticism?; they may address to us. 

On this broader basis we trust that the Journal will enter 
upon an era of increased popularity and prosperity. 



THE CONTROL OP FLIES A.ND VERMn*J IN 
MESOPOTAMIA. 


BY 

H. MAXWELL-LEFROY, M.A., F.E.S., f.Z.S., 

Laidy Eniomologint in thft Imperial Department of Agriculture for India, 

■ 

[We have tnuoli pleasure in publishing this article from the pen 
of our former colleague Prof. JVbixwell-Lefroy. . 

The Indian Agricultural Service — ^both European and Tndian - 
has responded nobly to the Nation’s call and our best wishes follow 
the present detachment of eight Pusa Assistants who have 
volunteered for service in Mesopotamia. May rnuclf success attend 
their efforts to alleviate the conditions in which our gallant troops are 
living, and may they return safe and sound, with the consciousnt .«s 
of a duty well performed. — [Editor.)'] 

There have been urgent reasons for dealing with flies .*nd 
vermin among the forces in Mesopotamia this year, and I was 
fortunate in being sent up at the end of April to investigate and decide 
what could be done. Even on the way up, there was entomological 
work to do. Tlie hospital ship on which' 1 travelled froin 
Bombay had been long in the tropics and was full of small red ants 
which were a sore trouble to the wounded and sometimes worse.' 
As the ship was going up empty, there was full scope for work and 
after failing with one method, we succeeded with another. Baits 
were put down (usually syrup on, rags) and the trail of ^nts to the 
nest traced back. The nests are all behmd wood-casings and the 
praoks of exit were oiled with a mixture of paraflin and lubricating 
oil. This isolates the nest inside with the queens and the workers 
outside cannot bring food in. In three days there wete no more 
trails or nests discoverable and the plague wrb under control.* 

( 323 ) 
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Basrah was hot and stuffy but not markedly plagued with 
flies ; but as one goes up river it gets worse at every oamp till <ho 
climax is reached at the most advanced post where Corps Head- 
quarters are situated. The flies are mostly the Housefly type, 
MuscOf. of several species probably, a few Blow flies of the CaUiphora 
t^e, and'some Stomoxys. The last is a nuisance on the river as it 
bites so, sharply but it is not a disease-carrier and is not really 
common on land. 

To fully appreciate it the abundance of flies has to be seen 
and still more to oe suffered. The tents and trenches are full of 
them. By night they sleep in masses on tent roofs, etc., in the 
morning they awake to furious activity as soon as the sun has 
warmed them, till midday they feed and fly and buzz ; then they 
seek deep cool shelter if it is hot, say over 110'’ F. in the tent, and 
go to sleep. In my tent they preferred to get under the bed on 
the sides of the pit in which one lives. At evening they start again 
and are very active from 6 to 7. When one has been driven crazy, 
it is good to go and see the patient resignation of the sick and 
wounded and therefrom to learn control and resolve more stren- 
uously to destroy the scourge. And then one remembers that 
nearly every disease in Mesopotamia is one that is carried by water 
and flies only, and one realizes that the fly is really a serious factor 
in this campaign. 

Another entomological problem is of some importance in 
Mesopotamia, and this is the control of vermin and sand-flies, 
fortunately no difficult matter. The former convey relapsing fever 
and typhus, the lattar carry sand-fly fever ; both are the cause of 
Kritation, the sand-fly especially ; there have been cases of serious 
septic sores from sand-fly bites and the sand-fly has been one of the 
real plagues of life. Fortunately there is a cure for both. In 
1904, the use of Crude Oil Emulsion was first introduced by the 
Entomological Section for vermin on ani mals ; early in 1916, a 
refined form of this was shown to the War Office, and in May was 
adopted as the official vermin remedy for the army. It is now 
being made in large quantities in Bombay and sent up to Mesopo- 
taniia. In the Army it is known as “ Vern ijcUi,” but as this is a 
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registejed name, the property of a firm in London, it is called Sand- 
^ay and Vermin Ointment.” It has the merit <Jf keeping ofi sand- 
^es and mosq^uitos, if rubbed very lightly on the hands and face. 

I had one tube with me in Mesopotamia. I did not realize the 
sand-dy was there and was badly bitten the Brst night ; I was never 
bitten again, I used no net and all who shared my tube found the 
same. It is now being issued for this purpose. For vermin the 
emulsion is rubbed on the haiiy parts of the body and on the seams 
of clothing ; under-clothes are washed with it and dried \vithout 
rinsing so that the clothes are lightly impregnated with it. 

With regard to dies there are really* three problems in 
Mesopotamia, the control of dies in camps, trenches, etc., in tewns 
and with moving bodies of troops. The first is the important one 
because it is the biggest and, in some ways, the easiest to deal with. 
The breeding places in camps, trenches, etc., are of three kinds. 
The latrine trench is far the worst, accounting for probably 90 per 
cent, of the dies ; the accumulations of stable manure, and the 
accumulations of refuse and offal account for the rest. The Ij. trine 
trenches are about 18 inches deep, a foot long, six inches a'‘i 0 ss ; 
a series are dug side by side, according to the number of men. They 
are filled up daily. They offer the ideal breeding place for flics 
and they swarm with flies laying eggs when they are in use and are 
solid masses of maggots in a few days. Flies emerge from tre^^ hing 
ground in hordes, get their first meal at the nearest trench tJien in 
use and then distribute themselves over the camp. 

Stable manure was comparatively harmless owing to rapid ^ 
desiccation ; only when small amounts weft swept up with dry 
litter and so preserved from drying did one tfind maggots and the 
manure is nearly all dried and burnt. Kitchen refuse and offiil afte 
usually burnt or buried but would easily breed flies. The greatest 
care is usually taken and it is only carelessness on the part of the 
sweepers or camp cleaners that allows this material to breed fli^s. 

In most places in Mesopotamia there is absolutely no other 
source of fly breeding ; the land is flat, dry, absolutely barren as a 
rule ; there is no shade, a fierce sun bakes it, a dry Wind blows 
fuuiously. Only where man is, can there be shelter, food oi; breeding 
/ 
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places and there is no man but soldiers in the war area. , Th'ere 
are stories of bodies of men trekking into the bare open country , 
and finding hordes of flies, but they took these with them. When* 
one comep out of the trenches, flies settle on all the areas shaded 
by one’s topee or oneself and on all the shady parts of one’s 
ho^se ; rthey* travel on one thus for miles, unable to fly away in the 
fierce sun.” In this way one carries swarms of flies and a body 
of men, when they camp, will naturally find their tents full of flies. 

» No place strikes one as so easy to clear of flies as a camp, as 
all is done in full view, there is nothing hidden and one can control 
everything. There' are no houses, no back-gardens or filthy alleys, 
no refuse dumps or collections of rubbish. It is a matter of deciding 
what to do and having it done. 

The second problem will be more difficult because it is not so 
easy to control a town. In Basiah and Amarah there are large 
areas of <;amps, with streets of houses not far off ; the problem is 
not so simple because of the uncontrolled breeding places of the 
native houses, ^nd it is more a question of extensive fly killing (as 
described below) than of prevention. 

The third problem again is difficult because of the limited 
resources of a moving body of men. Such a body of men will not 
suffer from the flies they breed ; they suffer from the flies bred by 
other moving forces before them and there are camping grounds 
on lines of communication where you arrive to find that swarms of 
flies greet you and millions are then emerging ; thc.t means that ten 
days before a body of men camped there, used latrine trenches, 
and probably did not trouble too much about the disposal of kitchen 
refuse and ofial. 

Having examined the problem and especially having seen 
what was needed for the trenches, ’the field hospitals and the 
head-quarters and other camps, it was a question of getting supplies 
and u staff of men to carry out the obvious measures. All the supplies 
that went with me from Bombay were snapped up at once and 
much more was needed. Everyone in charge of hospitals particularly 
needed help and supplies ; it is a real experience to go round 
the tents of a cholera or ordinary hospital, and to see what a curse 
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the flips are to the men. Then one sees the operating tent and 
^ realizes that flies may come 100 yards from a ner*rby latrine to vomit 
•their last food on the exposed tissues of a patient ; one sees flies 
settling on a fresh wound, and the men fighting them ofi while it 
is dressed. No wonder every, single person is keen to help the fly 
campaign and that every possible assistance is being given those 
who are trying to reduce this pest. • * 

A short simple set of instructions was prepared aiyf issued ; 
the measures recommended are discusi^ed here in turn. , 

1. As far as possible, replace latrine trenches by tins and 
incinerate. This system is very widely used*: tins are sunk in 
the ground to receive faeces ; nearby is a small round incinesator 
consisting of a circular wall three feet high with a grating across 
of iron rods and two air inlets below ; dry litter and any dry 
material is put in, lit and it burns slowly ; on this the ma'lerial is 
incinerated. This is not always possible particularly ii the 
trenches ; but one battalion had an incinerator for its fronv, line 
latrine : and wliere this can be done it is the prefer tiling. 

2. Wliere incineration is impossible and deep trenching is 
impossible, then each latrine trench must be treated. After ^"ying 
pesterine and fuel oil without effect, it was found that ordinary 
burning oil, as ssued there, was effective ; a trench treated wdth 
oil does not get infected with maggots and if oiled ivhen it is filled 
up, many maggots are lulled. There is much oil available, the 
crude lighting oil of the Anglo-Persian Oil Oo., obtainable near 
Basrah, being quite suitable. 

3. Oil should be used even with tiiis as it prevents flies 
settling and feeding on the excreta. A great deal of the diarrhoea 
and intestinal diseases prevalent must be carried by flifts 
directly from the faeces of infected men and oiling prevents 
that. 

4. Kitchen refuse and offal are to be burned or oiled and 

• * * 

buried. This is obvious and is rendered more important by the 
fact that a great many goats are slaughtered by native regiments, 
in their own way, anywhere near their lines. There is a great deal 
of iildiscriminate goat-killing going on wherever theie ase native 
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tuiits and this mateiial would brood flios. The abs^ce 'of 
blue-botties shows how careful the men are in this matter. ^ 

5. Horse and mule droppings are to be collected and burned* 
or spread out to dry. As a rule the droppings are wanted for the 
incinerators. The heat and dryness are such that in a very short 
time, l^ouse, manure is too dry for flies to breed in it ; the only 
trouble has been with the individual saises of officers’ horses who 
may be', careless and breed a quantity of flies ; where there are 
regular horse or mule lines the greatest care is taken. 

6. Trial of fly poisoning with sodium arsenite showed it to 
be an extremely effective method ; fortunately I had been able in 
Bombay to get 50 tins of weed killer, which was crude arsenite and 
worked very well. 

A mixture is made of arsenite half a pound, gur two and a half 
pounds* water two and a half gallons. This is a convenient amoimt 
for a kerosine tin. In this a gunny bag was dipped and hung up. 
A shelter tent or a covering of mats is advisable or the flies will 
not come in the hot part of the day, and the guimy bag must be 
kept moist. Flies come in swarms, feed and die there on the spot. 
The solution is weak enough not to affect them till they have fed ; 
if made too strong, they are affected before they get a fatal dose. 
It is possible to fit up strips of gimny on the roller towel principle 
so that it dips in the tin ; as it dries and gets too concentrated water 
is added. 

This simple poison, devised originally by Dr. Berlese of Portici, 
Italy, works beautifully ; the flies are thirsty and hungry ; they 
smell the gur, they come in shoals ; blue-bottles come as well as 
Musca. The slaughter is very great and the effective range appears 
to be at least 200 yards and is probably much more. This means 
that to keep a camp clear one wants a fly-poisoning station every 
quarter of a mile or so. By having the poisoning done in a separate 
place there is no risk from dead flies and it is best to put the poison 
at a point between the latrines and the camp. 

7. In the trenches flies collect in masses at certain places at 
night and at midday. They particularly like canvas or tarpaulin 
coverings and sheltered comers in dug-outs. With a spraying 
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niRoliu^ and suitable Uijuid, one can kill flies in bulk. Tlie choice 
^of liquid is easy ; two only are at present knowif, both of which have 
4jcen extensively used in Europe and Egypt since they were 
discovered last year. For the trenches we arc using the oil-spray, a 
special grade of mineral oil tp which is added a small amount of 
aromatic essential oil such as citrovella. In England this, is sold 
as Flybane ” ; in Bombay, thanks to the help of the managers of 
the Standard, Vacuum and Asiatic Oil Companies, t}\,5 nearest 
grade of oil to that selected in England has been found and is btyng 
used. 

8. Hospital tents and buildings i‘oquife otlier methods. 
Formaline can be used for fly poisoning ; but the “ Miscible fly 
spray ” used in Europe and Egypt will probably give the best 
results ; it is undesirable to use the oil as it taints milk and food ; 
but this new fly spray, whose laboratory name is Exol, is b^ng sent 
up for hospital use. It is not poisonous or inflammable and has 
only a slight smell ; it does not taint food. It is mixed with water 
and sprayed in the air. Flies fall to the ground paralysed or ». ead. 
It is not yet certain whether the formula used in Europe will siu ceed 
in Mesopotamia owing to the very high temperatures but thif has 
to be ascertained and the formula varied if necessaiy. Thanks to 
the Medical Store-keeper at Bombay, large quantities of this 
have been made. At the request of the War Office the formula of 
this spray has not been published as the ingredients are not unlimited 
in supply. When tlie Army has had all it needs, tlie formula will 
be published and the public can get the liquid. ^ 

For hospitals, an ample supply of netting, mosquito nets, etc., 
has been essential. It is absolutely necessary to prevent flies 
getting at the excreta of cholera or dysentery patients for instance 
and in tents this is only possible with nets. In the same way the 
disposal of the excreta is very important and all field hospitals use 
incinerators. , 

A special problem arises in the case of bodies of men moving. 

I believe that it is better in these cases lo have no trench latrines, 
but to mark off a space of.clean and hard giound and use that. 
The heat and dryness is such that flies caimot,breed is thfs material 
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which desiccates at once. This goes against the sanitary j:q)ert’s 
ideas but I believe it to be sound in all cases where the moving body 
is not going to stay more than three .days. • 

These are the methods recommended and the three important 
ones are — 

(1), Disposal of fly-breeding material. 

(3) Fly poisoning. 

'j(3) Fly spraying in trenches and hospitals. 

, It was obvious that to carry these out there should be a 
special subordinate otficer attached to each large camp and to each 
division. He would naturally be under the orders of the Sanitary 
Officer but his special business would be flies. He would inspect 
the whole of the camp or the trenches occupied by bis division, hunt 
out fly-breeding material, report cases of bad sanitation, see that 
latrine^ are oiled. He would be in charge of the fly poisoning, he 
would show men how to use sprayers and organize a gang to 
systematically skughtei' flies with sprayers. 

Such work is best done by men used to spraying and similar 
operations. Eight were required for tiie different places in 
Mesopotamia and 1 proposed going to Pusa for them, tfiking volunteers 
from the Imperial Pathological Entomologist’s Section, as flies 
have been their business for years, and also from other serdions, or 
from Provincial Departments if necessary. 

Captain C. F. C. Beeson, Imperial Forest Zoologist, who was 
with me in Mesopotamia, remained there and would be in charge of 
these men and the whole work. 

This proposal was' accepted and 1 returned to India to organize 
supplies of arsenic, sprayers, etc.., and to get eight men. The selected 
men are shown in the photograph which accompanies this article. 
They left Pusa on Wednesday, July 6th, for Bombay whence they 
proceeded to Basrah and Aniarah. They were recruited from the 
entomological and mycological sections with one from the veterinary 
staff. They have rank as Indian Warrant Officers according to their 
pay and will be on duty in Mesopotamia probably till October. In 
the first place they join Captain Beeson to get experience of military 
conditions and, then Jliey will be posted out. ' . ‘ 
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. The Agricultural and the Forest Hesearch Tm citutes* are to be 
congratulated on supplying the officers and staff for this work, 
^o one anticipated that the "v^ork of the entomological sections would 
be of vital use in this war, and it is a satisfaction that the work done 
years ago in the Imperial Department has been of direct use and 
that the men and methods (ian be supplied for the presej^t campaigj). 
Their work will be very much appreciated in Mesopotaniia and Ve 
hope all will return well with a successful piece of work well*done. 
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Asuistanl to the Agricultural Adviser to the Govemvienl of Irulia. 


1. Introduction. 

On the subject of agricultural education much has been said, 
many methods put forward and as many condemned, and a 
great deal of the discussion has been at a loose end. A partial 
acquaintance with a great many different systems and methods 
used and employed in the furtherance of agricultural education in 
the United States of America, Japan, Germany. England, etc., will 
suffice to show that the subject is a complex one requiring clos? 
consideration. 

An examination of the different methods employed in different 
countries leaves one with a definite substratum of general principles 
which we may try to adapt to out local conditions. The first 
efforts will of necessity be largely experimental, but from the 
experience thus gained we can go on making changes in our system 
as they are proved necessary ; we liave therefore to learn a lot before 
we can hope to arrive at any semblance of finality in our system 
of agricultural education, and this should be taken for granted by 
all parties concerned. As things stand at present we have three 
classes of people to educate, each of whom, in his own way, influences 
agriculture : — 

First — The ryot, on his own land. He represents present 
agriculture in the active sense. 

Second — His children who represent the active agriculture 
of the future, both workers and teachers. 

( m ) 
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^ Third — ^The landowning class, whose influence on. agriculture 
is of the greatest value when,properly applied and whose S3?mpathy 
and interest can assist in the propagation of sound agricultural 
practices all over India. 

These three classes linked in a proper appreciation A>f in^proved 
agriculture and its possibilities co'.ild create a new Tndi* and tliey 
wait on agricultural education to show them the way. ,* 

• 

II. Development of English Education in this Country. 

It will be well to take a cursory glance at the development 
of general education in this country before proceeding to* the 
question of agricultural education, as it will enable us to better 
understand what effect it has bad in the community and ho>y it has 
affected agriculture. It was after Lord Macaulay’s famous Minute 
of 1835 that the Government of India definitely decided in favour 
of English education. Education on Western lines was in fact 
becoming necessary as there was a growing demand»for it. Another 
forcible reason was that as Government was settling down to 
administer and consolidate its possessions in India it required public 
servants with a knowledge of English to help its European otficers 
in carrying on the work, getting into touch with and making its 
intentions known to, the people. 

The Universities of Bombay, Madras, and Calcutta were 
established in 1857, the Universities of the Punjab and 
Allahabad being founded in 1882 and 1§87 respectively. As* 
science was not so well advanced in those days, the educa- 
tion in India promoted by these Universities came to be more 
literary than scientific. 

The English system of administration with its regular super- 
vision of every detail and its foresight required a larger number of 
subordinate agents than was* required in previous indigenous 
administrations. * 

Indian administrations jn many cases under-paid their staff 
apd Vinked at their recouping themselves — the natival .result of 
under-^aymont. 



334 


AGRICrLTUBAL JOURNAL OF INDIA 


CXI, ly. 


The British sjstem gnm what is considifed to be sufficient^ 
pay to remove any neoessity for oomiption. Thus those who* 
received an English education got a large increase of pay compared 
with what they were used to under Indian administrations. 

This ac^ed as .a great stimulus to Indians to seek an English 
education. • It was regarded as a royal road to fortune and rightly 
so. 

, There was also a great demand for lawyers and pleaders 
consequent upon the fact that it was necessary to reduce the chaotic 
condition of the Indian administration, notably as regards land 
tenwe and ownership to a definite legal status. 

Further the opening of railways and the establishing of cotton 
mills and other industries provided employment for those who 
were odly half-educated, or rather not up tc- the standard required 
for Government service and the law. 

Thus the stream steadily began to flow in one direction and the 
effect spread to the remotest corners of the land and having saturated 
the minds of all and sundry it became a fixed belief. Hence there i.s 
stamped on the life of India one great goal, an English education 
followed by a Government billet. 

There was an idea that the educated class would disseminate 
what is best in Western literature and science to their more backward 
brothers through the medium of the vernaculars, but this pious 
wish has more or less fallen flat. 

Railways, irrigation works. Public Works Department, and 
factories have provided employment for numerous artisans, and 
from this the idea has grown up in a large section of the literary 
and agricultural classes that to stop in your village means starvation 
unless you have a large holding. 

All this was brought about by a condition of things which 
could only be a transitory one based as it was purely on an artificial 
demand. 

The tide still sets the same way, but the opportunities are now 
far fewer. The craving for education remains the- same, and 
probably always will remain, but it is high time to see what we can 
do to divert it into more productive channels. 1 It was towards the 
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end of the nineteenth century that the Indian Government began to 
Vhink that all branches of education required careful review, and 
the Universities Commission immediately followed. Since then 
Government has leaned towards an education less literary’and more 
practical, and in many I'^niversities the courses have been altered 
to keep that end in view. 

III. Agricut-titral Colleges. 

It will thus be seen that the craving for literary education exists 
in the literate classes and in the more influential and higher 
agricultural classes. It is these classes who are ready to lake 
advantage of scientific education in agriculture. 

It was at first thought that no higher agiicultural education 
would be necessary beyond such as would enable those who had 
received the two years’ course in agiicultural schools to nuke 
eflficient subordinates under expert officers and to make those %\rho 
did not enter Government service into better farmers. 

Agricultural colleges of the advanced typ*e we hav<' at 
present in India came with the development of tlie Agricultural 
Department, the idea being that as agriculture is the back tone' 
of Indian prosperity we cannot give too much agricultural education 
in this country ; while therefore preference was to be given to boys 
who were brought up amidst agricultural surroundings ; yet these 
colleges Were to be open to such boys of the non-cultivating classes 
as might have a leaning towards agriculture. In the initial stages 
in order to attract students for these colleges JVIr. Mollison, Inspector- 
General of Agriculture in India, was in favoxu.ol putting a leavening 
of agriculturally trained men into the Revenue Department on the 
ground that it is the subordinates of the Revenue Department 
who really see the agriculture of the land and wJio on acooimt of 
their knowledge of the economic condition of cultivators can help 
forward the work of the Agricultural Department — ^ thoroughly 
sound view for many reasons which ‘might well have been 
developed. » 

With regard to agricultural colleges at the presespt time it is 
as well to make one p6int clear which is apparently misxyiderstood. 
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in some q^rters .that they are not intended metely to supply 
subordinates for the Agricultural Department, but to provide a liberal 
and scientific education in agriculture for those Who either aim at 
higher appointments in the Agricultural Department or desire to 
take up higher studies and research work in agriculture for their 
oWn sake.. In many European countries there is an agricultural 
faculty On the lines of other faculties in the UmVersities, giving 
liberal scientific education in agriculture and sciences allied thereto 
and training men for research work. In these no training in actual 
agricultural operations is given as the object is to turn out specialists 
fitted to carry on independent investigations. These faculties 
provide liberal scientific education in agriculture and thus attract 
the very best talent. We think that in India also for the generai 
widening of agricuitural education affliiation to a University is 
desirabie- So long as agricultural colleges are not affiliated to a 
University they will not attract boys from the higher classes of 
Indian society connected with the land. These classes require a 
true collegiate education centring round agricultui’e, not mere 
manual trainin g in the details of each agricultural practice. When 
these facilities are provided a fair number from these classes will be 
forthcoming, and the men thus trained will take their places as 
leaders of rural society with a thorough knowledge of what to aim 
at in the development of their estates. The strength of English 
agriculture lies in the fact that practically every land-owning English- 
man has a knowledge of farming and stock-breeding — ^it is part of 

‘ his life ; noU^esse ohUge is the reason for it and the fact is 
recognized from the King downwards. Thus it can be seen that this 
class furnislies the country with a set of pioneers and influential 
supporters in agricultural improvement ; and India wants a similar 
class. It is uimecessary to lay down that they should go through 
the same courses as those intended for the subordinates of Agri- 
cultural Department. What is wanted is to enlist their sympathies 
by giving them an insight' into the subject and to make them able 
to realize the value of research and experiment ; to make them see 
that to better the condition of their ryots is to their own advantage 
as ; to turn them from supercilious onlookers into sympathetic 
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co-adjators of the Department ; and for this it is necessary to create 
« strong faculty of agriculture at the University* One Agricultural 
college affiliated to a UnivefBity will meet the needs of Peninsular, 
and another Northern. India : for the class of men they are. intended 
for will not require a college at-their gates. They will go to the twp 
colleges in the same, way as land-owning England got* to Oxfqjd 
and Cambridge. The rest of the colleges might be ifirned into 
agricultural high schools of the type prevailing in America, or 
agricultural schools in Germany or Switzerland and will cater 
for the needs of the Agricultural Department in providing recruits 
for subordinate posts. * 

IV. EmroATioN op orown-tt? Eaumers. 

The provision of agricultural colleges does not complete the 
scheme. As the cultivators are mostly illiteiute they do not 
value a scientific education and ui order to make them v.due 
this for their sons we have to show them what agricultuiv on 
improved lines can do in the amelioration qj' their malorial 
condition, r.e., we mu,st convince the father in the only w'.'v in 
which he can be thoroughly convinced, i.e., by prettical 
demonstration. Demonstrations should be given on Government 
farms, at the cultivators’ own homes, or at any convenient jdace, 
together with short courses on special subjects and it is here tlutt 
the subordinates of the Kevenuc Department if they had an 
agricultural training could help l)e.st. So long as the agricultural 
classes are in the backward condition they are now, demonstration 
must go to them. They caimot be expected to spend time or 
jnoney to any extent coming to it. * 

In India the system of caste has given the cultivator centurifes 
of traditional experience behind his back. He knows to an inch 
what he can do with the lijuited amount he has to hand. We have 
therefore to be careful not to disturb this economic balance by an 
improvement which may be excellent but which would not work 
here, and it is the study of this economic balance both in this and in 
other greater and wider dhrections which is becoming a grave 
necessity, and which T, hope to deal with later. 



38,8 AQRlOOLTOailL JOORNAli OF INDIA [XI, IV. 

We are constantly reminded forcibly by print and illustration of 
the wonderful imprWements brought about in other countries, but i 
this should be remembered that the iiltroduction of improvements' 
in Australia, Canada, and the United States is brought by es.pital. 
People who have little or no experience comparatively of the land 
thgy own. Will always imagine a new thing to be much better than 
it is, Th^y will risk more. They are new men in a new land. 
They have experienced few of the set-backs incidental to agriculture, 
and their hopes are correspondingly higher. Here in India it 
requires a strong man to introduce an improvement ; it has to be a 
very strongly marked improvement if it is to be adopted by the 
ryot ; India has a rcoted conservatism which cannot be realized by 
the countries like the above. 

Again it is useless to blame the Indian farmer for adopting a 
policy of backing two horses in his farming. He grows two crops 
on one field ; why 1 because he is noj. sure of the rains. Whatever 
happens he wins out on one and saves himself from starvation. 
The net yield of either crop, which is of course small, may be held 
up as a scandal by an expert who has never been in danger of 
starvation — ^but it is rare to find gross carelessness or gross neglect. 
The lives of too many depend on that crop— and that is the reason 
for the margin of safety so easy to refer to as wasted opportunity 
but so difficult to do without in the present day. 

This then is the position. We can hardly teach the ryot his 
own job if we are limited to his circumstances. I venture to say 
,no one can, but let me not be misunderstood. Agricultural 
Departments can open the gate to greater things by virtue of money. 
All improvements require capital. It is no use telling the ryot 
to' do his own experiments — ^he cannot ; his margin is too small 
but the Agricultural Department can do this by finding the capital 
for them. It is possible to bring an improvement within his reach 
when arrangements have been mad« for financing him so that he 
can safely take it up. To educate a man at an agricultural college 
and to send him back to work on a farm with no capital is useless. 
It may sound well to say he has been educated, but the effects, will 

benjiU 
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The application of soientific knowledge to , Indian agi-iculture 
tpens out a vast field for increasing the out-t ,irn of crops in India, 
e.g., the yield of rice per acre in India is only about of that in 
Spain, that of wheat is about Jof the average out-tuxn in 'England, 
and it is only the Agrioulturar Department which has the capital; 
science, and skill that can undertake experiments for^increahiAg 
the yield. A loiig series of tests is necessary before anv»definite 
agricultural improvement can be recommended for adoption, for 
jumping at conclusions to make a show and a splash in a country 
like India is fatal ; time here is no object, to-n\orj“ow is also a dc.j . 
Sooner or later the part that has been missed — slurred over, written 
away wiU be found out and a deep-rooted mistrust will oust the 
slow-grown confidence in the Department as a whole. 

Now turning to the subject of demonstration as a method 
of education, while the evolution of new types and the replacing 
of inferior kinds by superior varieties are very promising lines of 
agricultural improvement in this country they will take time. 
We also realize that research must precede dcmonstihtion, but iri the 
unequal agricultural progress of the cultivating classes in India 
there are many good practices which are known in one part and not 
in others. These require to be brought to the notice of more back- 
ward tracts. It will thus be seen that the greatest and the jnost 
immediately remunerative work lying ready to hand is not the intro- 
duction of some scheme requiring extensive, expensive machinery 
from abroad. It is the quiet, systematic transfer of the best 
agricultural practices from one province to another, from one district 
to another. The transplantation of rice seedlings known for years, 
nay, ages in many parts, was unknown in Chhattisgarh and theip 
now ranks as the greatest improvement and rightly so. And it 
is here that the Agricultural Department has done wonders at a 
trifling cost, to quote but one instance. Such improvements impress 
the ryots, create in them an enthusiasm for progressive farming, 
and make them see the wisdom of receiving a training which enables 
a man with a wider outlook to pick the brains of others and apply 
them 'to his own use ; for it is through this experimental avenue 
that an increase of revehue will come to ryots and the State, and it. 
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should be ’ obvious that this is the most paying line of pottey* In 
laying the foundation for the demand for real agricultural education » 
which will follow directly the ryot is convinied that there is something in it * 

As already pointed out above, agrioultunil improvements in 
most cases require capital. What is tliei-cfore wanted along 
with the spread of improvements is an effective method of 
obtaining 'capital, through as few intermediaries as possible, 
at a reasonable rate, and it is here that co-operative societies, 
though only in their infancy, can do most good. The passage 
of the money from lender to borroAver must be simplified. 

Agricultural seasons wait for no one, and to find a man, who 
has applied for a loan to get good seed, forced to fall back on cheap 
inferior stuff, owing to inability to get his loan in time, is what we 
want to avoid. The man who lends money on to the land must 
lend it when the land wants it, for the lan<I is a bank whose doors 
are only open for deposits on really favoiii'able terms for a very 
short, time and this cannot be too strongly emphasized. 

In the dripr parts of India money lent to dig a well 
does more than this ; the mere digging of it not only ensures 
the rains crop against possible failure, but it also encourages 
intensive farming and prolongs the cultivating seasons through- 
out the year and provides the ryot with employment for himself 
and family all the year round, weans him from idleness and 
litigation by making him live on his land. Where else does 
the digging of a well do all this ? Certainly in no town. It is for 
reasons like this that the co-operative societies w'ant more money 
and it should be made available to them. Every pie spent thus 
by a primary society will return a hundred-fold by increasing 
prosperity and stabilising the revenue. The successful working 
of these societies will raise the moral tone of the cultivators, and 
this in itself will produce the better, steadier, more prosperous 
cl^ which it is the aim of every country to produce. 

V. Education of tub Cultivators’ Sons. 

General observnhons. 

,, What is the aim of education 1*It is to make the nation more , 
fitted to' ^Ice.its place as a nation among other nations, tq hold' its 
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own in the great economic struggles of the future, and in this 
.coming struggle the dignity of labour wilf bear •the brunt. 
•Education should aim at "producing a future race each better 
than his father at the family job and not necessarily a . renegade 
from his ancestral profcssiotn. The present education is given 
totally irrespective of the parentage and of the future, of the 
individuals : can it be wondered, then, that it all too often fails ? 

Wliiic it may be admitted that some knowledge of three 
R’s is necessary to every man in the present stage of the evolution 
of the world, yet after this, specialization should commence as 
soon as possible, based on the needs of the ihan. Specialists at 
theii best should be improvers of their fathers’ work carnying 
on the family traditions ; one cannot emphasize too highly the 
fact that the national prosperity depends on the sldll of its 
people, its varied development, and not on the super-literary . 
education of a minority. And any education, whic.h does lu t go 
deep enough to improve tie man’s chances of making a livijig to 
the good of the country, is no use. A liigh ly educated class for \ diose 
labour there is no demand can only bo parasitic on the comitry > /hich 
educated it. 


Education in nirtd schools. 

We now come to examine education as pro\'ided in luia 
schools. 

Many people w'lth vague notions of agricultural eilucation 
often advocate that in village primary schools the Education^ 
Department shoidd begin to teiich agriculture. Let us exioniue 
Avhat this means. Jn primary verjiacular schools boys have 
to learn reading, writing, and tJic doit)g of ordinary sums «in 
imthmetic. Nothing more can be added at that age to their 
syllabus. It is sometimes said while we cannot teach agriculture 
we should teach agricultural principles ; but it is only devolojMjd 
intelligence that can folloAV the abstract — the children* should go , 
from concrete to abstract and from practical to theoretical. To 
cram them with these prinm|jles without their understanding them 
will ’only produce harmful effects, which will be very, hard to 
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obliterate at sobool or college. Wbat is required at primary fshObls 
is that the teaching^ should have more relation to the environment ^ 
of the children. Text-books suitableefor urban primary schools* 
are not suitable for village schools and at present they are common. 
Hence children taught in village schools become rapidly divorced 
from their fa^ihers’ profession. In arithmetic also — ^teachers should 
deal veith sums relating to payment of rent, real measurements 
of fields, calculation of fields’ produce, etc., all things which will 
proye useful later on. But the difficulty is that in a large number 
of cases the scholars in rural primary schools are drawn from 
non-agricultural olasocs. Further, the primary schools are part of an 
educ^tioixal kdder by which the clever boy whether from town or 
country can go up to the j’.nglo-vernacular school and perhaps 
to a college. A different syllabus for boys in the rural school will 
handicap them in this respect. It will thus be seen that, while 
direct teaching of agriculture is to be deprecated, the giving of an 
agricultural tinge to the education imparted m the higher classes of 
these rural schools is a groat desideratum, especially for those 
children who are not going up to the f'.nglo- vernacular schools, and in 
this connection the value of nature study and school gardening 
cannot be over-estimated. It is the teachers who can, even with 
existing text-books, make the instruction suitable to the requirements 
of rural children. But this is where the teachers fail in a large 
number of cases — they miss the real point and the cs,sential part : 
to sit in a class room and make remarks — ^is not what is needed. To 
go out and show the class what to observe is really what is wonted. 
^Later on We find students lacking in observation and practical 
initiative and in manual skill ; why ? because throughout their 
whole training book-work has ranked highest, and it is only when 
they come out into the world they find that the position is reversed 
— ^much to their detriment. All over the world the cry is for skilled 
labour and always will be, and the man who is master of a trade is 
always sure of his living. It is an age of mechanism, a fact which 
India has not yet grasped.*^ 

Year by year the farmer becomes more of an engineer, and all 
.trades tend to inter-connect to their mutual advantage. A big 
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farlnei!*wjth one son trained as a mechanic and one as an agriculturist 
^is both master of his land and his impleniehts ; with the rise 
•in wages more labour-saving implements ate introduced and the 
rise in the price of cattle helps as well. There can be no set-back 
to the use of agricultural macjiinery now ; it has shown the world 
w'hat it is capable of doing and the world, after one gi'eat^asp of 
surprise, is hastening to take advantage of the lesson. • 

It is important not to stifle the would-be mechanician in 
early life — we all remember the fate of the boy with the mechanical 
mind in our public schools. He used to be regarded a? a social 
pariah, c, creature of wild mind and wilder puisuits. Now he has 
ousted the classical people from pride of place throughout, the 
land and what has happened in England should guide 1 rulia ; for the 
present war has given England an enforced mechanical education, 
the use of which will never be forgotten by the nation— for il is not 
a knowledge of the classics and certainly not a knowledge of law 
which is beating the trcrman. 

While we note the fact that manual training is provided in ^ome 
of the schools in India we wish that it may be developed moic and 
more, not as a fashionable fad, but as a prime necess'ty. It is dten 
asked why it is that in spite of India’s enormous chea]) labour 
market and its proximity to the supplies of raw' material, India 
cannot fairly compete with other western countries. The answer 
is that unskilled labour though nominally chea]) yet in these days 
of machinery is ultimately dearer. Skilled laboiu' has to be imported 
at a fabulous price, for the combination of unskilled labour and 
expensive machinery is the most expensive ‘thing on earth. Any 
one doubting thi.s need only give a cooly a mew'ing machine to work 
for a day. The cooly costs far loss tlian a skilled man, but the 
repair bill of the machine swallows up the differcnco and (he 
machine wears out far quicker. 


Special Vernacular AffricuUurai Schooh. 

We now come to a consideration of the question what provision 
should be made for the sons»of agriculturists who, after completing 
their vernacular course, are not going up for English education, but 
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• «. 
wish to gain more useful general knowledge coupled with some 

instruction in agriculture. We think that in the case of these thet 
provision of vernacular agricultural schools on the lines of that at Loni 
is most desirable. The boys at this age will be able to understand 
\?hy certain results follow from certain causes. For the information 
of ,J;hose of (rtir readers who are unacquainted with this interesting 
experimpf initiated by the Bombay Department of Agriculture 
we may say that the courses at Loni are of two years for boys who 
have passed at least the 4th Vernacular Standard, aged 13 — ^18, 

3 to 4 hours’ »re devoted to general education, while a similar number 
of hours work is done in the field. The whole of the cultivation 
IS d(5ne by the boys and they all learn to make simple implements, 
the use and care of good steel implements as well as how to drive 
an oil engine which pumped water, bruised grain, etc. The teaching 
is entirely in the vernacular. As this was the first attempt of its 
land board and tuition were provided free. The boys were mostly 
drawn from the sons of large cultivators with whom the Department 
was in touch though a considerable number of applicants w'ero 
of the more literary class w'lio were only admitted with great, care. 
The boys trained at Loni have started real centres of interest in 
agricultural improvement on return to their own land. The success 
has been so gratifying that similar schools have been started in other 
divisions partly with Government money anti partly with local 
subscriptions and endowments. 

In starting such schools in different parts of India the exact 
I. age and educational qualifications for recruitment and the ratio 
between the general education and the technical education to be 
given at each school will have to be determined according to local 
conditions. But it would be well to bear iii mind that pratdical 
training in each • detaileil piece of agricultural operations should 
not be considered as the only thing. What is required is to ^ve 
them some k-imwledge of mechanical engineering and good general 
education with agriculture, so that the outlook of these boys may be 
widened and they may go away with an enthusiasm for their 
own calling and carry on their business in a really intelligent 
manirtt:. ' ' ■ . * 
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VI. Conclusion. 

* If R boy Was made to work with his hand? from the beginniug 
fie would appreciate tlie dignity of labour and his whole after-life 
would not be aimed at a position of looking-mt. The aim is 1o 
assist a boy at his future work, mot to divorce him to follow another 
calling. * • • 

The essential of most English engineers is the faot’tliat they 
have been through the shops from the very beginniug. ’ I have 
known a -man with a University degree who spent a mouth doillg 
under-fitter’s w'ork in his father’s Works. Wh^n India grasps the 
fact that to run a business successfully you must know' the inner 
w'orking of every step and detail, then w'c shall get captains of 
industry in other walks of life than money-lending and the law. 
Mere leHriiing of science will not make a piactical w'OJkmaii ; it is 
the combination which is so strong. 

Now is the time for India to make her effort. H('r greatest 
as, sot is agriculture and the agriculture of the world was nev. i' so 
prospei'ous. Agricultural produce w'iil rise in value after the war. 
to the benefit of India. Let her, therefore, take steps to ])ut hei‘ 
chief industry on a better footing ; better cultivation, better nui i ket- 
ing arrangements, better financing of the rural jiopulation, a wider 
use of mechanical power is demanded. All the w'orld is moving 
rapidly on the line of advance. And it India lags behind it wril be 
a national calamity. Let her bestir herself ami realize that tlu^ 
produce of the land is <;apable of a (ionsiderable amount of increase. 
This better stale of things will be brought about bj' tlu! education 
of the adult farmer and the rising gcner.',tion wJio will farm when 
he has gone — ^in short by' the education of’ India, in a direction 
where best the talents of the mdion may be fully and profitably 
employed to the benefit of all. 



' WHY AflE THE CULTIVATORS’ OUT-TURNS OF 
' WHEAT ON IRRIGATED LAND SMALL? 

I 

•' BY 

«/ W. ROHKUTSON BROWN, 

Agricnhural Xot lh’ Wfst Frontier Province, 

^Thirty-six mauiids' per acre on two acres ; twenty-eight 
maunds per acre on eight acres ; twenty-five maunds per acre on 
thirty-two acres ; tWenty-two maunds per acre on eighteen acres ; 
an average yield of about twenty-five maun Is per acre over r.U these 
acres ; these are the yields of wheat harvested at the Tarnab 
Agricultural Station this past May. 

The average out-turn per acre on the 100,000 acres of irrigated 
wheat in the Peshawar District is less than twelve maunds per acre : 
is less in fact than half the avemge yield per acre over 60 acres at the 
Agiicultural Station. Yet only 8 of the 60 acres received any manure ; 
one-half of the area was irrigated once only ; the remaining 30 acres 
received but tAvo waterings ; the raiiifuU during the period of growth 
was only 5' 10 inches ; harrowing and in! er-cultivation were not prac- 
tised ; on three-quarters of the 60 acres wheat followed wheat ; one 
ploughing with the Rajah, and two turnings with the country plough 
only were given to the land. In short, the Tarnab whe.’.t would 
i.ot appear to have received better cultivation than wheat in the 
neighbourhood. 

Why, then, are the yields in the viwnity of Tarnab and those 
stated in the Season and Crop Report so very much less than the 
Agncultural Station out-turns ? 

The varieties grown at Tarnab are Pusa No. 4 and Federation, 
and tJiese are noted yielders, but their superiority to local 
wheat in this respect will not nearly caccount for the- out-turn of 

^ ' I iuannd«> 82 'l 2 llw. '« 
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the* Station being more than double that obtained' by the 
oultivatoTS. • , 

• To those who spend theia lives with the -cuitivators on the land 
the enigma is made plain. 

Firstly, it may be stated that the failure to produce high, or 
even fair, yields of wheat is i-arely due to the cultivator’jj; igT\orance* 
of good methods of growing the crop, or to the inefficieRcy of tlie 
implements employed in tillage, or even to the lack of a good^J'^elding 
variety of wheat. These are simple reasons which readily occur Jo 
any one and are commonly assumed to account for India’s poor 
out-turn of wheat per acre. The rejd causes lire, however, more 
subtle, and less uncomplimentary to the Ind'an cultivate, ’s intelli- 
gence than the above. 

A large part of the cultivators’ land yields two crops within the 
year, and actually realizes more money than bumper ek-fa^U (irops 
of 20 or more maunds per acre. By long experience each cultivator 
knows it is not safe to put all his eggs in one basket, and almost e\ e.ry 
one prefers moderate, upstanding crops of maize and wheat to tidds 
of bountiful promise w'hudi stand in danger of disaster by wind and 
flood. This is the circumstance above all others that account^- for 
the (iisparity in the out-turn of wheat obtained at the Agricultural 
Stations and those recorded in the Season and Crop Reports. 

There are numerous otlicr conditions tending to reduc*' the 
cultivators’ out-turns which should be considered but which are 
never stated in comparing Agricultural Stsition out-turns with those 
recorded in revenue reports. Tlie wheat growers for example give 
at least l/15th part of their crop to the harvesters in payment 
of their labour and probably each alternate year some wheat 
is lost on tire threshing floor owing to bad weather and othoi- 
causes. 

Then holdings are snrall and the cdtivators are poor ; at times 
cereals follow cereals for some years, wheat following maize or 
with little rest or change to the fand, and with scant manuring. Or 
if by chance the cultivators miss their turn of irrigation, sowing 
may harmfully be delayed, w a plague of weeds from a careless 
^neighbour’s field or an overgrown watercoiu'se may* choke their 
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wheat, when they are too busy, or may be too lazy to undertake 
weeding or*to hire 'labour to perform the work. , 

Yet again and alas ! many of the cultivators are in debt, and 
remain merely the unwilling servants of the banialm, or almost 
equally unfortunate, they may be year to year tenants of the lease 
holders of ektensive tracts, when lessees and tenants alike are bent 
on taking fhe utmost from the land at the minimum cost, regardless 
of the maintenance of fertility and cleanliness. 

' In examining the agriculture of a country-side in India, it is 
disappointing to find a large proportion of the crops adversely 
affected by one or more of the unfortunate conditions mentioned, 
and' perusal of the Season and Ci‘op Reports is very disappointing 
to the enquirer who is unacquainted witli Indian agricultural con- 
ditions and practice. 

It is perplexing to read that ttMi maunds per acre is the 
average out-turn on 1,000,000 acres of irrigated land, wdiile in Agri- 
cultural Station Reports out-tiu'ns exceeding 30 maunds per acre are 
sometimes repotted. Despite wliat has been stated in explanation 
of the cultivators’ failure to produce good out-turns, and even admit- 
ting that Agricultural Station o\it-turns are sometimes estimated on 
quite small plots, the gi’eat disparity existing in the field and station 
yields is not yet clearly accounted for. 

Tlie enquiry may be pursued by conqiaring tlie treatment 
which jiroducod 25 maunds per acre on an area of 60 acres at 
Tarnab, with the cultivation usually given to wheat in the 
vicinity. 

RoUUion mid Titlaye. The ivlieat at Tarnab was an ek-fasli 
crop, wheat following wheat on the greater part of the area. On 
the cultivators’ land on the other hand, wheat is almost entirely a 
do-fasli crop, following maize, and the out-turns may therefore be 
about one-third less than the Tarnab ck-fasli yield of 26 maunds 
per acre. This practically means that the cultivators sJiould harvest 
16 maunds per acre from their do-fasli land and if the cultivators’ 
out-turn is allowed to be 16 maunds per acre, there yet remains a 
deficiency to be accounted for to bring tlie cultivators’ out-turn up 
to thg Tarnab yield. 
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. ‘As wheat followed wheat at Tarnab, the land was turned over 
by the Rajah plough before 16th June. The oultivatcfr’a do-fasli 
Ihnd, on the other hand, couM not be ploughed until 1.5th October, 
after maize was harvested. Do-fasli wheat is sown, in faqt, within 
a few days only of the first ploughing of the land, and the culti; 
vator’s prospects of a good yield are here far jfooreF th^n 
at the Agricultural Station. But the cultivator’s land * probably 
produced a crop of maize, value Rs. 60 to Rs. 70, whilst the Tarnab 
wheat land was fallow and renewing fertility between July aitd 
October. 

Trri-gati-on. Tarnab has no advantage in tliis most important 
aid to wheat production, both the cultivator’s wheat and the station 
crop being irrigated once or twice only. 

hUer-cidtivation. Again, Tarnab has no advantage, harrow- 
ing being impractuiable on irrigated land, ant! hand-hoeing 
being too expensive and slow to undertake on 60 acre.s of 
wheat. 

Weeding. 'The cultivators may lose somewhat in this direction, 
as they weed less thoroughly than at the station. 

Protection. There are few' cultivators’ fields that ar * not 
damaged by browsing animals. At Tarnab no loss occurs in this 
direction. 

Harvesting. The cultivators give ,1/1 5th or more of their cj-op 
to the harvesters in payment of their labour. The station paid 
cash, and the final out-turn was therefore not reduced in weight by 
the harvesters. 

Threshing. A steam thresher treated’ the Tarnab Avheat 
a few days after it was cut, and loss of graift did not occur on the 
threshing floor. The cultivators, on the other hand, are very 
fortunate if they do not lose I /20th of their crop during 
tlireshing. 

Va/riety of wheat. Under equal conditions, Pusa ^jTo.^ 4 may be 
depended on to yield one maimd per ao/e more than the local 
wheat. 

lljTow the disparity in oilt-tmrn between tlie cultivator's yield 
arid the, station out-turn is nearly accounted for. * • 
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It has been shown that the cultivators lost 

weight 

«. 

of wheah 

approjdmately as follows 


. 1 

t 

Mds. 

Seers. ** 

(1) By practising cultivation .« 

8 

0 

(2) By neglect of weeding 

0 

20 

(3) By the luvages of browsing tinimalH •» 

0 

20 

(4) By i^aying liarvesters in wlieat 

1 

0 

^ (5) bad weather during threshing 

0 

20 

By the inferiority of their variety of wheat . 

1 

0. 

" Add 

J1 

20 

* The cultivators' actual ont-turn 

12 


1 

23 

20 


If to the above are added the small shares paid to the blacksmith, 
the carpenter, the barber, the chaulddar, and the 1/1 0th part so 
faithfully given by many to the poor in the name of God, it will be 
found 'that under reasonably comparable conditions, the out-turns 
actually produced on irrigated land are not as pitiable as they are 
usually assumed to be. The losses state<l at (1 ) to (C) are chiefly due 
to circumstances over which the cultivators have little control ; on 
no account is lofe caused by mere ignorance of good practice in the 
simple art of growing wheat and, above all, it should not be forgotten 
that the profits realized by the cultivators are no less than those 
obtained from the heavy eh-fasli station crops, and it is probably 
true that over a period of five years or longer, the balance of profit 
would be in favour of the cultivators and well designetl do-fmli 
practice. 

By pursuing clean, careful cultivation and growing an 
‘ upstanding superior variety of wheat, the cultivators can improve 
their out-turns, but they will not be encouraged to do so by helittling 
their actual attainments and placing before them high agricultural 
station out-turns without due regard to the difficulties that 
prohibit them from attaining these yields. 



THE INFLUENCE OP THE WEATHER ON/rftE • 
YIELD OF WHEAT. * . 

BY 

ALBERT HOWARD, C.T.E., M.A.,* 

Imjtei'ial Economic BoinniU^ Puna. 


1 . Introduction. 

That a general connection exists between the weather and 
the yield of crops is well known. This is referred to every year 
when the annual accounts of the Indian Empir# come up for 
discussion. On these occasions, the Finance Member of Council olten 
says that the Budget is little more than a gamble in rain. Sinne- 
times, however, the matter is gone into in greater detail and attempts 
are made to treat the subject from the statistical standpednt and 
to apply mathematics thereto. The results obtained can hardly 
be said to be convincing. Apart from the scepticism with which 
many people regard attempts to prove a case by means of numbers, 
a little consideration shows that the subject is one to which, in the 
present state of knowledge, a mathematical treatment can haidly 
with confidence be applied. 

The various meteorological factors like rainfall which are 
included in the weather are definite things and can be measured 
with reasonable accuracy both as regards amount and distribution. 
A wheat crop, on the other hand, cannot be treated iu fluite the 
same way. It is an assemblage of living mnohines which, by means 
of their chlorophyll corpuscles, are able to utilize the energy of 
,sunligld> in building up complex food substances freon simpler . 
matbrials.such as mineral salts, water and carbon diordde,' There 
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is also an oiderly development from the seedling stage to tii0>maWe 
crop and, dming the whole growth period, the plants are competing 
mth each other and are reacting to the various growth conditions— 
moisture, temperature, the supply of oxygen and mineral food 
materials in the soil, and the degi'ee of moisture and movement 
ii) the atmdrfphere. Not only does tlie crop react to its smroundings 
but also the extent of this reaction depends on the stage of develop- 
ment reached. In addition, the various growth factors influence 
each other to a marked degree. For example, the rainfall not only 
affects the crop directly but also indirectly by altering the temper- 
i'.tnre of the air and of the soil, the atmospheric humidity 
and often the gaseous interchange between the soil and the air. 
Before we can even apply statistical methods to the connection 
between yield and a single weather factor such as rainfall, it is 
clear we must have some means of weighting the figures with reason- 
able accuracy. The ('.fleet of rainfall will vary with its amount, 
with its distribution, with the stage of development of the crop and 
with the ohaj-acter of the preceding monsoon. It null also 
influence, according to oirounistances, the other growth factors such as 
temperature, soil aeration, humidity and air movement. As no two 
seasoirs in India are ever alike, it is obvious that we are dealing 
with too many mutually interacting variables to be able to define 
in mathematical terms the effect of any particular fall of rain. 
When we are dealing with the general effect of the weather as a 
whole on yield, the diffioulties naturally increase with the increase 
in the number of factors. The most important matter coimeoted 
with a wheat crop is naturally the yield of grain. This is the 
resultant of all the conditions of. growth of which the weather is 
only one. It is clearly the merest speculation to attempt to deal 
statistically with the effect of any one factor on the system as a 
whole and it would appear that the subject from its nature 
is one to, which mathematical treatment cannot possibly be 
applied. 

There is, however, an alternative method of dealing with such 
questions. The growing of a wheat crop is after all a matter of 
applied physiology. The choice of soil, the preliminary cultivation 
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and*tha8apply of air and water to the soil can best be looked upon 
jis improvements in the conditions of growth, all dt whiohwe greatly 
• modified, by the weather. • 

Dm^ the last eleven years, the writer has obtained a 
considerable amount of praotical.experience in the cultivation of wheat 
and of the effect of the various conditions of growth, including 
the weather, on the yield. In addition to the rainfall, the soil 
temperature appears to be a most important factor while the*eiation 
of the soil seems to affect the plant more than anything else. The 
results of numerous observations on these questions are dealt with 
in the present paper. * 

2. The Conditions op Growth op a Wheat Crop. 

The soil conditions under which wheat thrives best have been 
known to agriculturists since remote antiquity and are referred to 
in the writings of such Roman authors as Cato and Varro. Modern 
investigations have naturally added to the knowledge possessed 
by the ancients but the cardinal importance of tlprough cultiva- 
tion for wheat and a soil of the proper texture and content of organic 
matter have been known and acted upon since the dawn of history. 
Provided the soil admits of copious root development and is fairly 
retentive of moisture, the amount of rainfall or irrigation water 
necessary for wheat is not considerable. A fair crop can be rip ned- 
with remarkably little moisture. Good soil aeration, by means of 
which the soil organisms and the roots of the wheat plant can obtain 
abundant oxygen and, at the same time, get rid of the carbon 
dioxide produced in the soil is quite as important as the water 
supply. Particularly is this the case during' the ripening period 
when any interference with the aeration of the soil prevents matu- 
ration and also tends to induce rust attacks. The temperature 
of the soil is another important growth factor. ^Vheat, as is weU 
known, is a crop of the temperaje regions and is not cultivated jm 
the hottest areas of the globe. In semj-tropical countries like 
.India, it is only grown in the cold season and esperience proves 
^ that the sowing tiuio of wfu^t is lararelv remilated bv the soil 
temperature. 
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3. The Intlxtbnce of Rainfall and Temperature ' 

, c ON Growth. 

Rainfall. The climatic factors which have the greatest effect on 
the yield of wheat in India are unquestionably the amount and distri- 
bution of the rainfaU. Within limits, the distribution of the rain 
is more important than its amount. Provided the subsoil is fairly 
moist, ktfc September and early October rains are the most significant 
as they, not only supply moisture for the final preparations and 
for germination but also cool the seed-bed sufficiently for the young 
crop to thrive. On the other hand, a heavy monsoon ending in 
late August or early September which is not followed by the sowing 
rains is generally imfavourable for wheat in alluvial tracts like Bihar 
and Oudh, and in black soil areas like Bundelkhand and the Central 
Provinces. In the former case in such seasons, the soil is almost 
certain to be on the warm side at sowing time, while in the latter 
there may be insufficient surface moisture for germination. 

After sowing is completed, the first rains, known as the 
Christmas rainsj generally fall towards the end of December or during 
January. The.se are, on the whole, light and well-distributed and, 
as is well known, originate from depressions which pass over India 
from the direction of Persia and Mesopotamia. It is rare for rain 
to fall during November and early December. The Christmas 
rains are exceedingly beneficial to the wheat crop. They not only 
moisten the soil but check any tendency for the ground to get too 
warm. Generally speaking, they serve definitely to establish the 
cold weather which is so important for the well-being of rabi crops. 
These winter rains, however, are often delayed and may not appear 
till late in February” or even in March when their influence on the 
yield of the wheat crop is small and may even be .distinctly harmful, 
particularly when heavy falls occur after the wheat is in ear. 
Except in the extreme North-'West, such rain is too late to exercise 
its full effect on the growth while the formation of surface crusts 
interferes with the aeration of the soil and tends to help in pro- 
ducing those conditions which bring on rust attacks. Rain and 
moist weather when the crop is ripe easily set up sprouting in the 
ear,jas the <temperature is usually hi^ ati this period. Showers 
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during the threshing period cause a Kttle damage from a 
^ «ause, but the people are very clever in protecting their grain heaps 
and it is rare to find thrft the moisture penetrates more than 
an inch or two. In estimating the effect of the rainfall on a 
wheat crop the distribution .rather than the total amount is, 
important. Late September and early October falls a/e the most 
valuable of all while early, well-distributed Christmas \ains, not 
exceeding two inches in amount, follow next in order. Late rains, 
if heavy and long-continued, are decidedly harmful by preventing 
maturation and by producing rust. A heavy mofisoon ceasing early 
leaves the soil and subsoil too hot for wheat m*the warmer wheat 
tracts of the country. • 

Temperature. After the distribution of the rainfall, the soil 
temperature is perhaps the next most important meteorological 
factor in the growth of Indian wheat. If sown too caHy before the 
soil and subsoil have cooled down sufficiently, the wheat seedlings 
wither and are eaten up by white ants (Termites).* When sewn 
at the proper time, however, when the soil and subsoil liave cooled 
sufficiently, the seedlings tlvrive and white ants do not trouble 
the crop. Experience shows that the dying off of the young i rop 
is particularly widespread in Bihar and Oudh in years when the 
total monsoon rainfall is large, when the rains cease early and when 
the sowing rains (Jtathia) fail. In such seasons, the soil is oh; ^ged 
with large quantities of warm water and cooling is slow on account 
of the mass of water involved and the necessity of keeping the soil 
closed down to prevent too much evapoiation. Such soil condi- i 
tions occurred in Bihar in 1914 and again iti 1916, and whenever they 
do it is interesting to note that the ryots always sow too early and 
often lose their wheat entirely particularly on the heavier landS 
which hold the most moisture and presumably cool down more 
slowly than the drier, higher-lying fields. The remedy for this 

• It is an interestinjf fact that in such <ases the wheat always germina&s Well and iSr a 
few days ibowH great promUe. This is probably due to thf» temporary cooling of the surface 
( soil by the evaporation of moisture during the final preparation for sowing. As soon, however, 
as the roots reach the warmer subsoil, decf^ sets in and the seedlings begin to wither. At this 
stage, thhy offer attractions to white ants which seem to be the consequence rather than the* 
caule of thq,damage to wheat at this period. * * 
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trouble in such seasons in North Bihar is to postpone sowing*tiIl the 
end of Ootbber and to cool the soil by evaporation by allowing the 
furrows to remain open to the sun a4id air for two or three days 
according to the amount of moisture present. When this is done, 
there is much less trouble on account of a hot seed-bed and white 
apts do lit^e or no damage. 

So^faf, little has been done in tracing the connection between 
the temperature of the soil in the plains at sowing time and the 
distribution of the rainfall. The subject is being investigated in 
the Botanical Section at Pusa and the results will be published in 
due course. It is fortunate, however, that one series of Bihar soil 
ten^eratures is on record which bear on this point. These were 
taken by Mr. H. M. Leake at Pemberandah during the period March 
10th 1903, to March 3rd 1904, and are published in detail in the 
account of the research work on indigo canied out at Dalsing Serai 
during 1903 and 1904 by Messrs. Bloxam and Leake. These obser- 
vations were made thrice daily at 8 a.m., 1 or 2 p.m. and at sunset. 
The spot selected was the middle of an exposed area of high, light 
land which was kept free from weeds. The weekly average tempera- 
tures at a depth of four inches at mid-day (1 to 2 p.m.) are given, in 
the following table in which the rainfall is also recorded : — 

Table 1. 


Sail temperatures and rainfall at Pemberandah. 


Period 

1 

Average temp. (4' deep at 1 or 2 p.m., in 
degrees Coutigrade) 

Haiufall (in iDches) 

Bep. 

2- 8 

'I 

30-4 

14 

9-15 

• 

30-6 

10 


16-22 


30-4 

01 


28-29 


297 

06 


30— Oot. 6 


29-1 

2*6 Including 1*6 inohes 
on Oct. 6th. 

Oot 

7-18 


28*0 

0-8 


14-20 


28*0 



21-27 


24-9 



28— Nov. 3 


22*9 


Kot. 

4-10 


21*8 



11—17 - 


19*8 



18-24 


20-0 



25-Deo.l 


18-7 


Dec. 

2- 8 


16*6 



9-16 


168 



16-22 


14-4 f 



28-29 


16*2 




181 

- 
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It observed that there is a rapid fall in the weekly 

averages after October 20th and that during the pucceediifg fortni^t 
the temperature fell more thah five degrees. The daily temperatures 
(at a depth of 4 inches and at 1 or 2 p.m.) during this period are 
given in Table II. 


Table II. • » , 

DaUy temf&raiure readings at Pemherandah after the sotmng rains. 


Date 

Temperature (Centigrade) 

• 

Oot. 16 

295 


17 

287 " 


18 

28 


19 

26 

All readinga takan at 

29 

26 

4' at 1 to 2 P.M. 

21 

26 


22 

26 


23 

25 


24 

24*7 


26 

24*5 

I 

26 

24*6 


27 

24 

1 

28 

23*5 


29 

23 

1 

80 

23 


31 

22 

} 

Nev. 1 



2 ^ 

23*6 

! 9 

3 

22*5 

1 


The fall in temperature from, the middle to the end of October 
is fairly continuous and amounts to 7°‘5 C. 

Wheat sown in such a season on October 16th would probdOly 
have died out while sowings made during the last week of the month 
would have developed rapidly without a check. In such years 
when the hathia is received, there is often a marked change in the 
character of tlie weather about October 20th* the air feels fresher 
and westerly breezes set in. When these have been blowing for a 
week or so and the cold season appears to be well established, wheal; 
can be sown without risk. The subject, however, needs more 
detailed study and the wind velocity, wind direction as well as 
the humidity of the air shodd be recorded. The temperatjire 
observations on low-lying fields containing much moisture should 
also be compared with those simultaneously obtained on high- 
lying, , lighter and drier land*. These meteorological observations, 
shduld then be correlated with the extent of root-devdlopifient and 
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with the general above-ground growth of the wheat orop» It is 
certain that, when* the seed-bed remains on the warm side, the rootj 
development is poor and the plants^ begin to shoot prematurelj^ 
This tendency is perhaps even more pronounced in the case of sarson 
JiBrassica campestru) and yellow flowered tobacco {Nicotiam rustica) 
than in the case of wheat. Either of these two crops could be 
used as living thermometers whose indications would supplement 
those of the ordinary instrument. 

•• 

4. Some Practical Applications. 

There are at least two directions in which the ideas in this paper 
oait be made use of for practical ends. One relates to the duty of 
irrigation water in the warmer wheat tracts of India and the other 
to the improvement of crop forecasts. 

Irrigatiofn. The provision of moisture for crops is considered 
to be the object of all schemes of irrigation. It is more than probable, 
however, that artificial watering serves another purpose in the case 
of rahi crops, namely, the cooling of the soil to enable vigorous 
root-development to take place. This being so, the possibilities 
of the extended use of iiTigation water in tracts like South Bihar, 
the Central Provinces and Bundelkhajid ought to be re-considered. 
It might pay to construct tanks (reservoirs) in these areas solely 
for the purpose of watering land once in October prior to sowing. 
This irrigation would cool the land, would give plenty of moisture 
for germination which, under judicious management, would oaiTy 
the crop through to harvest. In the case of well inigation in 
certain parts of Oudh, there appears to be, on the stiffer soils, an 
opening for wheat grdwing with a single watering applied in Novem- 
ber followed by the sowing of a rapidly maturing wheat like Pusa 4. 

Crop Forecasts. Although the methods adopted in the 
preparation of crop forecasts in India are a great advance on those 
previously jn use, nevertheless tho application of physiological ideas 
would lead to a still higher degree of accuracy. In framing the 
first wheat forecast, the distribution of rainfall after the middle of < 

, September, the mean air temperature during October apd the . 
direction of 'the wind in the Gangetic plain should receive particular 
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attention. The root-development and the foundation, a& it were, 
of the crop depend on these factors. In the second forecast, the 
distribution of the winter rains and the general air temperatures • 
during December and January are significant. Light, well-distri- 
buted rainfall, low temperatures and clear, bright weather during 
the vegetative period are the factors on which the future yield 
depends. Long spells of abnormal hot weather during ptiftHn 
or very heavy rains are sure to be harmful. In the final forecast, 
two things are important — the rainfall and temperature during 
the ripening period and the manner in which the ears ripen. 
Anything more than the lightest rainfall during tile period of matura- 
tion is harmful and temperatures above the average are iniinical 
to a high yield. The appearance of the ears from the time the 
grain is half ripe till the har\’est is perhaps more important tliau 
any other indication in estimating the final yield. For a full crop 
there is a characteristic development in the shape of the spike lets 
and in the colour of the straw and ears which cannot be mistaJeen. 
When half ripe, the spikelets bulge considerably due to the swelling 
of the middle grain and the ear assumes an uneven, turgid condii ion. 
The straw and chaff have a bright healthy appearance which is 
continued till the crop is ripe. The contrast between this condition 
and the look of a low-yielding crop is very marked. In the latter 
case, tlic ears remain narrow, the spikelets are regular, tlir ears 
and straw appear lifeless and the full colour of the chaft’ is not 
developed. The range between these two conditions is, of course, 
great and amounts to at least five maunds an acre. In the United , 
Provinces in 1915, when the conditions for ripening were exceedingly 
unfavourable and the forecasts of outturn proved to be optimistic, 
the yield would have been reduced by five maunds to the acre had 
the appearance of the ripening ears been takeir into account. The 
1916 crops in parts of Bihar, on the other hand, should have be^n 
increased an equal amount. A ripening factor, which can best 
be* judged by the officers of the Agricultural Department ’and w^ich 
need oedy be determined in each of the chief wheat-growing tracts 
of a Province would be most-wseful in correcting the ordinary esti- 
mates’ of area and yield Bent in by the Revenue adthorities. 



SUGARCANE CULTIVATION IN NON-TROPICAL 
PARTS OF INDIA. 

BY 

WYKNE 8AYER, B.A., 

Assistant to thr Agficultural Adviser to the Oovernment oj Indiok, 

We are led to write this article in response to the following 
criticism published in Commerce of Calcutta, dated 4th May, 1916 : — 
" The wonderful progress made in sugar-beet cultivation in 
Europe and cane cultivation in Hawaii, Mauritius, Java, Cuba, and 
Louisiana, show what science, higher education, and common sense 
can do for an industry. We in India are still waiting for the 
Agricultural Department to show us if any possible advantage can be 
denved from the experimental work carried on by the officials in 
their effort to solve what seems to he an almost hopeless task. The 
possibility of improving sugarcane cultivation in Bombay, the 
Central Provinces, Bengal, Assam, and South India we realize : but 
what the Agricultural Department expects to do for cane in Bihar, 
the United Provinces, and the Punjab is beyond our comprehension. 
We are led to these reflections because we recognize the scope for 
improving cane grown within the sugar belt and we therefore see 
no necessity for the department to waste their energy on this culti- 
vation in the United Provinces and the Punjab, where cane cannot 
b6 grown satisfactorily owing to adverse climatic and soil conditions. 
That the climate in the United Provinces and the Punjab is not 
sidtable to sugarcane is a recognized fact ; and consequently, we 
cannot include these in the sugar belt of India. Parts of Bengal, 
Assam, the Central Provinces, Bombay, and Madras are within the 
sugar belt we know ; that the soil and climate in Bihar is not suitable 
lot cane we also know. Why does Ihe Agricultural Department 
then -employ time and labour on researuh work for seotiiing 

( 360 ) 
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oolS-resiBting canes with early maturing tendencies, when there is an 
^mple scope for expansion and improvement in p‘j ovinces witliin the 
%ugar belt ? Although pMts can to a certain extent adapt’ 
themselves and be domesticated outside their climatic belt the fact 
remains that their cultivation, never really becomes a commerce 
success, but will always remain an uncertain proportion. With 
sugarcane this has been borne out time and again and foi* additional 
proof we need only compare the yield obtained in the provinces of 
India such as Bombay, the Centml Provinces, and Bengal against 
Bihar and the United Provinces. In Queensland the canc is grown 
with uncertain prospects as far south as Nambour, 60 miles north 
of Brisbane. Cane is grown to a small extent in New South Wales 
but not successfully. In the Southern States of the United States 
of America cane has been and still is grown on a small scale as far 
north as Georgia, Mississippi and Texas. In the last State they 
even tried to grow cane in the ‘ Pan Handle ’ of Texas ; but these 
attempts have not been successful and yet people persist iji its 
cultivation. We could quote a number of other, countries wlierc 
certain climatic and soil conditions have created crop belts, all 
attempts to improve the types of so-called domesticated • ■ops 
having failed. These matters could possibly be settled wlh adequate 
research work, but it takes a high order of ability and time and money 
to accomplish anything in this direction, and when the wcxk is 
completed by the department private resources to carry the scheme 
further on industrial lines will be necessary. In order that India 
should become independent of Java sugar the sooner the. 
Agricultural Department turns its attentioi! to the expansion and 
improvement of cane cultivation in areas within the sugar belt, the 
greater the possibilities for India to arrive at the necessary state 
of independence from foreign imports.” 

On this the International Sugar Jourtud, June 1916, writes 

as under: — , , , • 

" “ Indian Sugarcane Cultivation. A^ Calcutta contemporary, » 
Commerce, takes occasion to criticize the Department of Agriculture , 
of Ii^dia for its policy in devoting its energy to eaqierimental caivs 
Work ip those provinces of India which it declares are outside the 
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sugar beK and therefore are quite unsuitable for sugarcane cillti- 
vation. These provinces are Bihar, the United Provinces, and^ 
'^the Punjab, and it seems to be concluded in competent circles iir 
India that in them cane caimot be grown satisfactorily owing to 
adverse climatic and soil conditions. It is therefore asked why 
the Agricultural Department should employ time and labour on 
research work for securing cold-resisting canes with early maturing 
tendencies, when there is ample scope for expansion and improve- 
ment in provinces within the sugar belt, such as in Bombay, 
the Central Provinces, Bengal, Assam, and South India ? Our 
contemporary in fact states that they in India are still waiting for the 
Agricultural Department to show them if any possible advantage can 
be derived from such a hopeless policy ; and it strengthens its criti- 
cism by pointing out that, although plants can to a ceitain extent 
adapt themselves and be domesticated outside their climatic belt, 
the fact remains that their cultivation there never really becomes 
a commercial success, but will always remain an uncertain projio- 
sition. It is possible that the authorities will reply that they have 
introduced the experiments where they have found that the native 
population was accustomed to cane cultivation and \vill take more 
or less kindly to schemes of amelioration. But it is a fundamental 
necessity that the soil and climate should be suited to the plant, and 
if, as Commerce claims, the soil and climate of the cited provinces 
are not suitable, then it does indeed seem a pity to waste time 
and money on experiments which will certainly not produce any 
commercial success or assist materially in making India more 
independent of the Supphes of Java sugar. Better concentrate 
attention and energy "on lands within the recogniiised sugar belt. 
Blit we should like to have the official explanation of the 
policy tlms criticized.” 

On reading these, the fii’st idea that strikes us is that the writer 
of the article in Commerce has completely lost sight of the main 
point in connection with the Indian sugar industry that the problem 
in India is a dual one. The word sugar does not solely refer to the 
refined article which is an obsession fiiinly fixed in the minds of so 
many.* There are two methods of utilizings the sugarcane when 
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ortlished, namely, A the production of gw for eating ti^d B the 
^ production of refined sugar either (i) direct frnhi the cane, or (ii) 
•from gw. India’s productioh of sugar (mostly raw sugar) excluding’ 
that in Native States is close on 3 million tons of which abput 16,000 
tons only are exported, the rest is all consumed in the country. Ov^r 
and above this she has to import over 800,000 tons of’^efined sugar 
mostly from Java and Mauritius to meet the continually expanding 
demand for this kind of sugar. She is therefore far and away the 
greatest producer and consumer of sugar (raw) in the world, and 1 
would ask what country can possibly supply her with such an 
enormous quantity. Now the points to be borne in mind are (1) 
that the vast majority of the Indian population prefer gur which is 
as nutritious as sugar, or rather more so, and (2) that gw also enters 
into many Indian food preparations and there is no likeliliood of the 
demand for gw falling off in the near future. On the contrary, 
the increase in wages and the rise in the price of agricultural produce 
have enabled c?rtain classes of the labouring and agricuitural 
population to increase their consumption of this covimodity. .:^gain, 
as none of the other sugar- j)roducing countries produce ifw ii must 
be manufactured within the country itself, for it would not )»iy to 
produce it abroad. These being the peculiar conditions wc can 
now proceed to examine how far the tropical parts of India, which 
arc more suited to cane growing, can meet this huge deinaLvl. If 
we refer to the total area under cane in India, we find that about 90 
per cent, of the acreage is in Northern and North-Eastern India, i.e.. 
United Provinces, Punjab, Bihar, Bengal, and Assam. Not more than, 
10 per cent, is in Peninsular India or what fliay be called the mjar 
belt. It will thus at once be seen that Bonlbay, Madras, and the 
Central Provinces caimot possibly supply the total quantity of ^w 
required by India. Doubtless it may be asked why not, if thei-e is a 
market and the land is suitable for cane ? But there are these restjic- 
tions. Extension of cane cultivation in these parts is hmited by the 
supply of water, the competition of paddy and such other food crops, ' 
and, what is so frequently lost sight of in improving and increasing 
areas under a particular crop, the economic balance which mupt 
be kep,t level ; for unless the price of food is to rise in the district. 
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the .ratio between food and money oiops must be kept in that state 
of balance, “which ^dll keep food at its lowest and yet allow the ,, 
Histriot to grow the greatest amount o£ money crops available, and' 
it will generally be found that the distri^ has calculated this to 
a^ nicety. Canal irrigation is very limited in Peninsular India and 
irrigation from wells has to be resorted to. This is an imcertain 
■and costly "method, and so there is no great extension of area to be 
looked for in these parts save where new canals are opened. This 
fact has led districts out of the sugar belt to grow their own cane, 
for the limiting of the area in the sugar belt would have the effect 
of forcing up the price of sugar if the demand was great from all 
other parts of India. 

Another reason for their cultivation out of the belt is tlxat 
cane as a commercial crop is more paying than rice, wheat, or cotton, 
always provided the necessary labour and water are available and 
that the cultivator and his family do most of the labour. The 
following average values of crops in India will make this point clear. 

Jato . . . . . . • • . . Rs. 145 por auro. 

Sugarcane . . Kb. 127 per acre. 

Rice . . . . . . Ru. 62 per acre. 

Wheat . . . . Rs. 36 per acre. 

Cotton . . . . Rb. 32 per acre. 

It will be argued that sugarcane occupies the land for over a 
year while the other crops occupy at most six months. To this 
the reply is that in India cultivation of any crop is taken up after 
the ryot has considered how much labour and cattle power he has 
at hand and which he must keep employed throughout the year. 
The ryot looks to his o\vn immediate necessities first. He therefore 
plants a variety of crops to safeguard himself against ruin resulting 
from the failure of rains and sugarcane naturally comes high on 
the list which is the result of a long chain of circumstances proved 
and tested by years of experience. India is not a country of capitalist 
farmers with large landed estates^ She is a poor country of 
which the backbone is the illiterate peasantry. The holdings are 
uneconomic, being small and scattered. Leaving aside the question 
of expropriation which is unthinkable we have to make the most of 
the existing situation. . ) 
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* Ilf Bengal, as shown above, jute is more paying. ‘The date- 
.sugar industry in this province is capable of iihprovement. Sonje 
increase in the area under su^rcane is also possible, but the following’ 
proverb current in East^ Bengal will indicate the ryot’s i^eas about 
this crop. “ Unless a man has seven sons and twelve grandsons 
he should not cultivate sugarcane.” We do not therefore think 
there is any prospect of a large extension of area under* sugarcane 
in Bengal. It is true that in Assam there are possibilities for 
developmen, tespecially in Goalpara and Kamrup and Now'gong, 
but labour in Assam is notoriously deficient and the oliniate of the 
tjountry in the rains is not calculated to stimulate the inhabitants 
to any prolonged ph3rsical exertion. Further the waste dand 
suitable for cane cultivation has to be reclaimed, new roads 
made, and in some places either labour has to be imported or labour- 
saving machinery, such as steam plougliing tackle, has to be 
introduced. All this spells capital and it is only large capitalistic 
concerns that can do all this. Nothing in the way of extension 
cam be hoped for from the comparatively limited ^reas under cane 
under the ordinary ryot’s conditions and to hypothecate on juch 
a capitalistic basis when dealing with the ryot is to bring /our 
scheme under ridicule. A man who farms on the turn of a rupee 
can’t discern the ultimate money saved by using steam tackle. 

Turning to Bihar we can confidently say that if there i.. any 
part in India where the development of white sugar manufacture 
is most promising it is here. Even before the outbreak of war the 
central factories working in Bihar were a financial success. In., 
some parts of Bihar cane is grown without* irrigation. It is true 
that the out-turn per acre of cane is not higlf but as the cultivation 
charges are in the same ratio the crop is a paying one. The 
produced in Bihar is of inferior quality suitable only for refining 
purposes and hence the cultivators are not averse to selling their 
cane direct to factories. In , the opinion of many competent 
authorities practically the whole of North Bihar is suitable for the » 
growth of cane. . 

The heavy crops of cane’ on the Pusa farm where the soil is by 
nb means of the mos'j favourable type in Bihar for the growth of 
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cane but rather the reverse show what can be done by im]3roved 
cultural methods. Tlie late Agricultural Adviser to the Government . 
of India was of opinion that by the ihtroduction of an improved' 
cane and improved methods of cultivation in Bihar the production 
o^ sugar per acre could be raised to u very much higher figure than 
it now, and’ it is not too much to say that it could be easily doubled. 
And yet flie writer of the article in Commerce says the soil is 
unsuitable in Bihar. We wonder where it is possible to find better, 
mote fertile, and more easily cultivated soil than in Indo-Gangetic 
alluvium. Its fertility is probably largely due to its water-holding 
capacity. A crop can exist in it through the hot weather when it 
wouM fail in most soils. It is true that the advent of severe cold 
in November affects the growth of cane and also that the crop is not 
so heavy as in Java, but this is not so great an evil as to put sugarcane 
clean out of court. We admit that in Northern India thin reed-like 
canes are grown. Though the sucrose-content is not very low they 
have a high proportion of fibre and consequently yield less juice to 
the mill in single crushing. In other sugar-producing countries 
thick canes are the rule, giving from 30 — 40 tons per acre under liberal 
manurial and cultural treatment. Here the crop does not receive 
that same amount of attention, and as regards manuring it may 
almost be said that this nitrogen-loving crop practically goes without 
it in Northern India. It should, however, be remembered that in 
Northern India excludmg Punjab the average out-turn per acre is 
never below 15 tons of cane, and the cost of cultivation, etc., does 
■ not exceed Rs. 70 as the ryot supplies his own labour and cattle 
power. The crop is therefore a paying one for him. In favoured 
localities in Northern India people grow pounda canes and they are 
more profitable, but as a rule they require greater care in cultivation, 
liberal manuring, and are more liable to disease and also to attacks 
from jackals, etc., and hence the cultivator who has probably 
experienced ^11 these set-backs plants thin canes and plays for 
safety. 

Coming specially to the United Provinces which have about 
1(300,000 acres under cane it is necessary to emphasize what 
Mr. Moreland ‘has already pointed out that this crop ensures .regular 
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enqiloyment to a large number of labourers at a time when other 
^work is hard to find, and given a good season it -enables the 
Cultivator to pay his rent arifl put something by, or give his fa’mily ’ 
and friends a treat. Further it is the stand-by of the har^-working 
man, calling for just as much labour as he can put into it, and there 
is perhaps no other crop which rewards skill and labour’ to the same 
degree. Any decline in the cultivation of this crop which usually 
occupies the superior land should therefore result in the.. lowering 
of the standard of agriculture in these provinces ; on the contrary., a 
reasonable extension is eminently desirable in the general interest 
of the community. After a succession of good years the cane area 
increases by as much as a quarter of a million acres, and after* bad 
seasons it falls back as much as half a million acres. The area 
under cane appears to be governed by probable prices and by the 
economic position of the cultivating classes for the tune being, i.c., 
possession or lack of necessary capital. In short, it acts as a financial 
barometer of considerable accuracy and delicacy. 

It will thus be seen that this crop is of vital importance to tlie 
United Provinces. Bengal has its jute as a paying crop, Biliar its 
indigo or tobacco, but the United Provinces have nothing beiween 
cane and far less remunerative crops. It is therefore not a question 
of a few central factories or a small class of consumers, but affects 
the welfare of a very large part of the niral population. And as at 
the outside only ^th of the total production of the United Provinces 
is converted into sugar it caimot be said that the cidtivators 
are losing over this crop. In fact those parts of the United, 
Pro-vinces like the Meerut Division which cxpdrt gur show an increase 
in cane cidtivation. It is only parts like RohiUchand which used 
to export a large quantity of country refined sugar that have felt 
the competition of the foreign product and shown a decrease in the 
area under cane. It may be argued that this extensive cultivation 
of cane in the United Provinces is due to irrigation facilities. We 
admit that facilities for cheap irrigation have been greater in tlie 
United Provinces than in other parts, but so long as no equally 
paying crop can be substittrted the ryots are wise in cultivating 
cane and the Agricidtural Department equally so in trying to 
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asoertain Whether it can help the lyots in increasing their jaeld'pf 
stripped cane per* acre or in improving their methods of gur^ 
'^mannfaoture. In fact, while the culti vators hardly get more than* 
16 tons of cane per acre, on Experiment Stations 22 to 26 tons of 
sugarcane of a purity of .86 have been obtained. This variation in 
out-turps indicates vast possibilities of improvement. Already 
Mr. Clarke^ has got a type of cane J. 83 which is far better than any 
desi variety at present grown by the ryots. Not only is there no 
qppstion of the crop being given up in the United Provinces, but there 
is a possibility of extended area coming under cane as the result 
of gradual extinction of poppy cultivation. 

.The Punjab has nearly J6 per cent, of the total area under 
cane in India. With the increasing popularity of wheat and cotton 
in this province, there is no substantial increase in the area under 
cane, faking the province as a whole. While there is a slight 
tendency to decrease of area in the older districts some expansion 
has taken place in the new canal colonies, and if it were not for the 
scarcity of labouy and of manure the increase would probably have 
been greater. It is true that the oHmate of Punjab is a very severe 
one in winter and tests the hardihood and vitality of plants to the 
utmost, and it is especially trying to sugarcane ; still in districts 
with a fairly plentiful and secure supply of water in some form or other 
its cultivation is relatively important. The question may naturally 
be asked why this should be so ? We have already explained the 
general conditions which induce the ryots to take up the cultiva- 
jtion of this crop. The province is not able to meet its own demand 
of gur fully, and as it is far removed from the sea-coast foreign 
sugar has to stand heavy freight charges which acts as some sort of 
protection. Though the out-turns are low the cultivators will not 
give up the crop so long as it is paying to them. The ryot is not 
a capitalist or a specialist with a large capital on hand anxicus to 
incr^se his profits every year. He^ is satisfied if a crop provides 
labour for himself or his family all the year rotind and leaves some 
net profit. 

, We think we have written enough to show that in the rural 
eoonon^ of Northern India this crop, plays a very important part, 
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and*hen»e the Agricultural Department is bound to study’the crop 
Tjfith a view to suggesting improvements, Ap‘ Dr. Barber, the 
Gfcvcrnment Sugarcane Expert^ has pointed out we want better, richer 
canes with larger out-turn in the field, greater resistance todisease, 
and yet adaptable to the methods of cultivation adopted by the 
cultivator. Improvement m the last pivrticular will only be,likely ' 
to come if the variety of cane provided is more responsive to* intensive 
cultivation. Although one or other of the thick tropicai canes 
have been a success on almost every Government farm where they 
have been tried there is no doubt that as a whole tropical canes 
are not suited either to the northern tract or the ryot’s nu'tliod of 
cultivation in vogue there. The tropical thick canes needing good 
cultivation and heavy manuiing are often useless to him for simple 
lack of the means to gi'ow them properly. Wliat is needed is a 
hardier type of cane capable of holding its own with the canes ^own 
under field conditions in Northern India. Such types are not 
usually available among the canes gi'own in tropical countries, imd 
the only way to get them is to produce them ^ourselves. No 
particular vai-iety ivill suit all parts of the vast area of the In.lo- 
Gangetic plain. A series of seedlings must therefore be evol » od, 
each one specially fitted for the particular region where it is iuteiuled 
to replace the local kind. There seems only one way in which i his 
can be attempted. In each case the best local kind acemstomed for 
centuries to its po<‘uliarities of climate and treatment should be 
•selected out and crossed with the richer southern varieties so as to 
combine its resistant properties with the imported richness and bulk. 
The , work is thus complicated in that a series of separate probhuis 
have to be solved and a separate scries of seedlings evolved for 
each geographical region. * 

To conclude : It is clear from the a,bovc that so long as India, 
requires gur in large quantities and refined .sugar only bi compara^- 
tively smaller ones we are not justified in stiying that the crop has 
no Aight to exist in non-tropical parts. It is only these parts that 
» are able to supply the enormous demaiul for this commodity, and 
^ as cane cultivation is profitable to the ryots in these districts as it^ 

stands, jit is the legitimate function of the Departments of 

.25 . 
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Apiculture to ^titute experiments with a view to find outc whether 
any hettei varieties can be substituted, cr whether any improvemente 
in the cultivator’s methods of cultivation and gur manufacture ai«“ 
possible, and this opens a wide field for study. Wliile the question 
of gur is receiving attention the problem of white sugar manufacture 
is not being lost si^t of. In the Gorakhpur Division of the United 
Provinceii and in Bihar where sugarcane cultivation is concentrated 
new central factories are springing up. We do not think it necessary 
to go over the beaten ground and 8.‘,y what experiments have already 
been made and what improvements effected in this industry in 
India. It will suffice if we refer the readers to the article on “ Indian 
Sugar Industry ”, pubUshed in the Agricultural Journal of India, 
January 1916, which gives a useful summary of the present position. 

To sum up the case in a nut-shell it is this. Cane is grown 
outside the sugar belt for very good reasons — ^I'easons which have 
stood the test of years and so are entitled to every respect, and while 
a crop continues to pay (for there are precious few unpaying items 
on the ryots’ programme) occupies a cons’derable acreage and 
supplies a demand, it is not possible to pass it by. It forms a 
radical part of the district economy, and unless you have another crop 
equally useful and paying to replaoe it by, it behoves you to do your 
best to improve the existing state of things. To fold your liands and 
say hichh farwah nahiri the crop is outside its proper “ area,” and to 
split liairs of that kind is to prove the Department completely out of 
sympathy with the ryots’ present wants. No ; until it is possible, 
and I do not think it will ever be so, to replace the cane crop by 
an effective substitute and to supply the demand for gur from other 
parts — ^two jobs which will not be done in this century, if ever, it is 
tip to the A^cultural Departments to endeavour to improve the 
present cane crop. A definite result accomplished now will repay 
itself a thousand times over in the confidence which it inspires in 
the ryots for the future. The proverb of “ the horse that starved 
while the grass was growing ” is all too true. The ryot wants help 
now and help that will improve his present state, and a long list of 
theories may do on paper bpt are pretty useless for immediate practice. 
Wejdiall welcome Commerce’s reply and our Columns are open to it. 
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C. A. BARBER, Sc.D. (Cantab.), 

Government Sugarcane Expert^ Madrds, 

• 

During the past two years it has been found iuipossible to 
proceed with the classification of Indian canes, commenced in the 
Memoir^ describing the varieties collected at the Gurdaspur Farm 
in the Punjab. This has been due to the urgent need for system- 
atizing the seedling woik and placing it on c. definite basis. The 
collection of varieties lias, however, proceeded during visits to various 
parts of India and, although the collection is far from comjJete, 
a fairly i^epresentative series has been got together. The nii’^ibers 
of plots in the cane-breeding station devoted to varieties at present 
consist of thick (Poimd'i and introduced) canes 120, thin (Indian) 
canes 112. At each planting season it has been attempted to plac.» 
the latter plots together in groups of obvious systematic connection. 
This^has been fairly easy with the main classes, Mmgo^ Pansahi, 
Nargori, and, to sjtne extent, with Saretha, but, besides these, 
there has accumulated a large number of unclaissified forms. Among 
the latter, it is natural that special attention -has been attracted to 
the two large indigenous cane varieties of South India, Cheni arvl 
Naaml, for from them a number of seedlings have been obtained. 
Duriiig the present cropping season (1916) an attempt has been 
made to deal with the unclassified series and, although the work was 
necessarily incomplete and rather hurried, results of 'octosiderable 
interest have already been obtained. It* has been demonstrated, 

’ BJlrber, C.A. Studies in Indian Siiffni'caiiea, No. 1, Msmoirtt, Department oj Agrirtu • 
in India f Bptanieal 8§rU9^ vol. no. 1. * * 
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namely, 'th,at these two South Indian canes have allies" in 
almost every province, even extending to the Punjab, where their 
' analbgues may be found in the Katha and Dhauht of Gurdaspur 
respectively recently described in detail. 

Naming these two series after the generally best known 
members, those that have been most widely distributed for trial 
over the agricultural stations of India, we may speak of Saretha and 
Sunnahlf groups. Quite a number of the unclassified list have 
been ranged under these two heads, and full descriptions, drawings, 
and photographs have been taken of some of them during the 
recent harvest. 

(Among those thus dealt with in the Saretim group are BaraukJia 
Ukh (Cawnpore), Gmida Cheni (Mysore), Chin or Chunwe (Aligarli, 
Shahjahanpur), Hullu Kahbu (Bellary district of Madras), Jaganathia 
(Bihar), Khari (Bengal), and Saretha (Meerut). 

The Sunnabile g/cowp includes Bansa (S. Bihar}, Bansi, probably 
the same as Khadya (Bombay), Dhor (Harrai and 8eoni, Central 
Provinces), Kayhze (Aligarh, Pilibhit) Ketari (Behta, Bihar?), 
Mqjorah (Assam), Naaml (Trichinopoly and Tanjore), PniU Khnjee 
(Assam ?), Rakhra (Shahjahanpur), and Summhik, probably the 
same as Bansi (Bombay). 

The object of the present note is, firstly, to present a classifietl 
list of Indian canes collected in the cane-breeding station, for the 
use of Provincial Officers, and, secondly, to invite the addition of 
further varieties which we have not at present obtained. As it is 
^ proposed shortly to describe the varieties named above in a Memoir, 
Provincial Officers are <5arnestly requested to collect any information 
that they can regarding the synonyms, distribution, and field 
characters of these canes, and aU such information will bo duly 
acknowledged when describing the varieties. 

^ The following is the preliminary classification of the varieties 
on the cane-breeding station, with the sources from which they 
have been obtained : — 

(1) Mungo group. 

Mungo, Sabour. 

Paunri, Sabour. i 
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Hemja, Bhikanpore, Sabour. 

Buxaria, Sabour. 

Burli, Ottux. * 

Kuswar, Ottur, Partabgaili, Aligarb. 
Lewari, Sabour. • 

Poraya, Sabour. ^ 

Matna, Aligarh, Shahjahanpur. 

Matnji Ukh, Oawnpore. 

Rheora, Sabour. 

Reori, Partabgarh. 

Khatuia, Aligarh. 

Agoule 1 , Shahjahanpur. 

Katara, Barah, Partabgarh. 

Ranigol, Partabgarh. 

Sarauti, Partabgai'h. 

Pararia, Aligarh, Shahjahanpur, 
Matanvai', Partabgarh. 

\Vliite Pararia, Shahjahanpur. 

Dark Pindaria, Shalij.’.Jianpur. 

Kharwi, Shi.lijabMipur. 

Patarki Mungo (Partabgarh), Ourclaspiu 
Matki Mungo, Ottur. 

(2) Sarelha gi’oup. 

Katha, tlurdaspiu-. 

Lalri, Panipct. 

Kantiar, Ourduspur. 

Chin, Partabgarh, Aligarh. 

Chuimee, Shahjahanpur. 

Mesangen, JulJundur. 

Saretha, Partabgarh, Jubbulpore. 

Dhaur Saretha, AligarJi. 

Chynia, Barah. • 

Baraukha Ukh, Cawnpore. 

Jaganathia, Btirah. 

Ganda Cheni; iftysore. 

• Khari, Sabour, Jubbulpore 
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HoUtt'Kabbu, Hagari (Bellarj Distriot). 
Baksi, Sbabjabanpur, 

Burra Cbunnee, Bbahjahanpur. 

Hamui, Sbahjahanpur. 

(3) Sunmbile group. 

*‘Dhaulu of^^Gurdaspur, Gurdaspur. 

Teru, Gurdaspur, Harchowal. 

Ekar, JuUundur. 

Dhor, Jubbulpore. 

Hotte^ Cheni, Mysore. 

Bakhra, Partabgarh, Shahjalianpur. 
Kaghze, Aligarh. 

Sunnabile (Bombay), Jubbulpore. 
Khadya, Manjri. 

Bansi (Bombay), Nagpur. 

Putli Khajee (Assam ?), Ottur. 

Bausa, Sabour. 

■ Ketari, Sabour. 

Mojorah, Assam. 

Naanal, Tanjore. 

(4) Pansahi group. 

Ketari, Sabour. 

Merthi, Aligarh. 

Dikchan, Partabgarh. 

Sanachi (Dumraon), Gurdaspur. 

Yuba (Natal), Pusa. 

Chyuia, "Sabour. 

Eahu, Gurdaspur. 

Lata, Sabour. 

Maueria, Sabour. 

Pansahi, Sabour. 

,Sada Khajee (Assam?!, Ottur. 

Bharanga, Shahjahanpur. 

(5) Nargori group. 

Nargori, Sabour. 

Kewali. Sabour. 


[it, . 
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Bafauklia, Sabour, Pursa, Shabiabanpur. 

Ketari, Sabour. 

Chynia, SaboiA. 

Sararoo, Jubbulpore. 

Manga, Shabjahaupur. 

Agoule 2, Shahjftfu^npur. 

Kalari, Nagpur. 

Katai, Sindewahi. 

Mungo (sic), Sbahjahanpur. 

Newra, Shahjalianpur. 

(6) Unclassified at present. 

Bodi, Gurdaspur. 

Dhaiu:, Aligarh, Shalijalianpur. 

Dhaura of Azinigarh, Gurdaspur. 

Dhaulu of Phillaur, Phillaur. 

Kinar, Aligarh. 

Kanara, Jullundur. 

Agol (PiJibhit), PartebgarJi. 

KJiagii, Stibour, Dacca, Kajslialii. 

Ikri, Pursii., 

Klielia, Sabour. 

Barliai (Jubbulpore), Gurdaspur. 

Barahi, Jubbulpore. 

Barokha, Sliahjahanpur. 

Shakarchynm, Sabour. 

Betakali (Duniraon), Gurdaspur. 

Kalkya, Maujri. * 

Many of these varieties have at present been insufliciently 
studied, being only recently received. There arc cciJain obvioTjs 
resemblances among the unclassified canes, which may be of use in 
the framing of new classes or obtaining connecting links between 
those already instituted. Thps there is little doubt that Ikn, 
lihelia, and are closely conneoted,^while Bodi, Beiahdi, and 

Dhavdu of Phillaur seem to be transitional stages between the 
Sun^bile and Mungo groufls. The position of others is not y^t 
vbry clearly defined.’ Thus Patarki Mungo resembles •Bodi and 
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McUki Mungo reminds of Kaiha, although both have been inoluded 
in the Mungo grou|j, and so on. But, in the main, the classes show 
■true ' systematic connection and, in lirnny oases, different names’ 
probably refer to tlie same cane growing in different parts of the 
coimtry. The localities mentioned do not always indicate the true 
places where the canes are grown, as most of the varieties have 
been received from Government farms where collections have been 
established for the comparison of different forms. Any information 
which will help to fix the true vernacular names and the exact range 
of any variety as cultivated will be of special value. 

It is to be noted that the lists given above do not include many 
well known Indian names. Besides obviously Paunda canes, such 
as Pundiu, Shmnshara, Saharanpuri, Poovan, etc., there are such 
others as Kajla, Vendanmkhi, Mugh, Dahhivuder, Yerra, about which 
some doubt may exist, and the line is sometimes very hard to draw. 
But the principle has been adopted of excluding all canes about 
which there is any doubt, and it is quite possible that further study 
may cause the ijjtroductiou of some of the thicker canes into the 
indigenous series, as has recently been the case witli Mojornh, Soda 
Khajee, and others. In other words, thickness is not the only 
determining character, and the present classification can in no sense 
be considered the last word in the matter. 



CATTLE poisoning' BY JUAR {ANDROPQOON’ 
aORGlIUM) ANT) ITS PREVENTION.il' 

HY 

C. SOMERS TAYLOR, B A., 

AijricnUural ('htniisl to the Goveinmtnl of Hi^ar <md Ontisa, 


M. N GHOSH, M.A., 

Assintant I'rofetsxor of Chemistry and Physics, Sahour Ayricnllwal College. 

JuAU is a crop which is principally oiiltivated for fodr'er in 
Northern India, and as sH(ih the 8talk.s are (nit while green, I'efore 
the ears have formed, ll is usually sown in the hot Weather before 
the rains, and in conse(|uenco if the rains do lud set in early ( noi^h 
the conditions become unfavourable for a good growth and the 
plants become stunted. Very young plants as well as those which 
have become stunted, arc dangerous to be used as a cattle food, on 
account of their containing a glucoside which, under (lertain circiim- 
stances, breaks u]) and yields prussic acid wdiicli is a violent poison. 
The poisonous propeidies of such juar have long been recognized* 
and Watt ' refers to a prevalent but wjong belief among the Indian 
cultivators that the poison is the result of an insect which infests 
the plants when the cro]) suffers from deficiency of rain. The Indian 
cultivator, however, could not be blamed for his wrong belief, for 
even among men of science the true explanation of occasional cattle 
poisoning by jmr was not kn®wn before 1902, in w|;icji year, the 
prussic acid yielding glucoside was discovered. 

* Reprinted from the Jyrioultural^ Journal of Ihtt D«pt. of Agri., Bihar and OrUtUi 
vol. II>, part II. ' • 

^ ^ Diolionary of Koonomic ^Products, vol. VI. 
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Owing to unfavourable conditions at tbe time of planting this' 
year, muchjwr wai stunted and many bad cases of cattle poisoning 
'^occufred in ■&e villages round Sabour. ' The first part of June was 
specially unfavourable for the agricmlturistB, for the expected 
showers did not come off and there was a long period of hot and dry 
weather. Tiie jmr crops, specially those in high lands, suffered 
in consequence and there was an accumulation of the poison yielding 
glucoside in the plants in quantities sufficient to cause fatal effects. 
As many as nine bullocks died in one village alone, some having 
strayed into jmr fields and some having been actually fed with the 
stunted crop. These deaths were not reporte 1 inmiediately or we 
should have endeavoured at once to find the quantity of the poison 
present in the poisoning crop at the time of the death of the animal. 
In fact ten days passed before we received the information, so that 
any attempt to estimate the quamtity of prussic acid at the time 
of poisoning was impossible. The weight and constitution of the 
crop changed very rapidly indeed at that time, and we were therefore 
compelled merely to estimate the quaiitities of the poisonous 
principles in the plants as they stood ten days after they had been 
found poisonous to cattle. It is likely, however, that at the time of 
death the quantities existing in the crop were far gre‘’.tcr than the 
amount estimated by us. 

The largest quantity of prussic acid that we wer,.* able to obtain 
from the crop of one of the fields where as many as three deaths 
had taken place was about half a grain per pound of the crop. This 
quantity may at first sight appear to be small, but when it is con- 
sidered that only four to five grains of the anhydj'ous acid in a single 
dose may be sufficient to cause the death of an ordinary country 
beast, it is obviously dangerously high. A country bullock will 
easily eat 30 seers or 60 lb. oijmr which at the time of our analyses 
would have contained 30 grains of prussic acid or at least six times 
the fatal dose. In another field from which no cattle had been fed 
there was about as much prussic acid as one grain per pound of the crop. 
Towards the end of June. and the beginning of July, there was plenty 
of rain, the jimr plants rapidly grew up, and in a few weeks the 
quantity of px*ussio acid they were able to lumish, diminished so 
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"touch as to be quite harmless. It may strike one as peculiar, that 
•although a large number of goats strayed into* the fifelds and fed 
upon the jum leaves at the same time as the bullocks were dying 
of poison, yet there was not a single case of mortality among them. 

That juar is poisonous to eattle in the early stages of its growth 
and loses its poisonous qualities when it is nearing maturity has 
long been recognized. Wo have already said that its* poisonous 
action is due to the presence in the plants of a cyanogenetic 
' glucoside, i.e., a glucoside capable of yielding pnissic acid. Glucosides 
are compounds which on treatment with dilute acids or by the 
action of unorganised ferments break up into several substances 
of which glucose (a compound belonging to the sugar group) must 
be one. Now Dhurrin, which is the name given to the glucoside 
of jmr, in the same way bnjaks up into glucose 'and twg other 
substances of which prussic acid is one. An enzyme or unorganised 
ferment exists in the plant itself and in presence of water breaks 
the glucoside up with the result that prussic acid i.s given out. 
Dr. Auld ' maintains that the glucoside itself is not poisonous aixUhat 
in the animal the saliva and- secretions of the stomach ha^’■e a 
remarkable effect upon restraining the fermentation of the glu<( jsille, 
so that an animal may not die, even if it lias dilcen up enough of 
the pure glucoside. In the case of green jtMr, however, its juices 
are acid and act in tJie opposite direction to the saliva and stomach 
secretions, neutralizing their effects. In consequence it is found 
that, when the juat stalks and leaves are eaten green, fermentation 
of Dhurrin takes place in the stomach itself, and if there is enough* 
of it, the animal dies as a result of p;ussi(*acid poisoning. It is 
possible that immature juar if fed with ground chalk woukl be far 
less dangerous, as this would neutralize the excessive acudity and 
prevent the formation of prussic acid. 

The amount of Dhurrin in junr is not constant throughout the 
life of the crop and changes considerably according ^o,the age of 
t^e plants. Climate, weather, and perhaps soil conditions lire * 
probably important factors which also determine the chanee. 



1 Journal of AgrieuUural vol. V, pait IV. 
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Brunnioh’s ‘ expeiiments in Australia inform us that the glucoside 
is never wholly absent, but the quantity gradually diminishes 
‘from the first stage of growth to maturity. At the earliest stages 
of its growth the young plant contains a very large quantity of it 
and as the plant grows up and nears, maturity, the cynogen in the 
glqcosido grMually changes into complex nitrogenous compounds 
or protems! In the varieties of juar that Brunnich experimented 
with, he found the quantity of prussic acid to be so great that he 
recommended that jmr should oidy be used when the seed ears 
are Well developed, and that it should not be given to animals 
which have fasted for some time. Willamon and West* have 
found in America that in about tw'o raoiiths the available prussic 
acid imder normal conditions is reduced to a harmless quantity. 
This is confirmed by the common practice in India which is to 
allow the (jattle to feed upon the plants from the time they are 
two months old until they are nearly mature. In our experiments 
in a majority of cases we found the amount of pnissic acid to be 
negligibly small in the case of fully grown plants of about eight 
weeks old. WiUamon and West’s experiments also tell us, in 
what part of the plant most of the glucoside is to be exj)ected. In 
the first three or four weeks of the plant’s life, it is concentrated in 
the stalks ; then it rapidly decreases aiul disappears from there 
but apparently persists in the leaves in decrei.sing percentages 
until maturity. This explains why the goats which strayed into 
the same fields as the bullocks at the time when the results were 
fatal to the latter escaped without any harm, because they ate only 
the leaves Avhich then contained very little of the glucoside wliile 
the bullocks ate the whole plants, leaves, stalks and all and 
consequently sufiered. 

It is interesting to jiote that apparently even under similar 
conditions of climate and rainfall, the same varieties of juar of 
the same age, give widely varying ciuantities of the poison ; that 
• while the crop of one field may be dangerous that of a neighboming 
field may be quite innocuous. This is seen from the accompanying 

• Journal of (Jhemlcal vol. 83, jmge 788. ^ 

Journal of Agricultural JU’MrcIi, 1915, vul. 4, no. 2, page 1711. * 
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table fvhicli gives the percentages of prussic aiud oljtained from 
the crops of three fields of the village of KIiaTkitta pear Sabour. 
•It is possible that this is dufc to difference in the rates of gerihina-* 
tion, owing to differences in the moisture contonts of the soil in 
which they were planted. This may give rise to a profitable line 
of investigation. The samples from eaclv of the fields were collected 
on the same day and the acid estimated : — . * 


Age of the crop when the 
first sample was taken 

1 

Date of collecting; 
the sample 

Number of 
the field 

Per cent, of 
prussic acid 

2 

.bout six weeks 

:b (1 July 19ir) 

1 

0*(M)71 

Ditto 

Ditto 

o 

1 OO-llS 

Ditto 

Ditto 


1 0 (M)2r) 

Ditto 

full July 191.5 

1 

fiMiOOfi 

Ditto 

Ditto 

2 

0-00*2;') 

Ditto 

Ditto 

:i 

0‘(K)i7 

Ditt^ 

7th July 1915 

2 

n()007 

Ditto 

Ditto 

.5 

0 (MHIfi 

Ditto 

8th July 1916 

1 

0(Kr)*2 


Groins of 

pnisHip aPHi 
per 11). 


0*497 

0:11;') 


0*J7r> 


0*402 
0*175 
0U9 
00 9 
O’Olli) 


()•:::' 4 


It will be seen that at the age of about six weeks the crops of 
different fields, apparently similar, could yield materially difft rent 
amounts of the poison, and though aU of them at the time were 
more or less dangerous, in less than a week. No. 2 and No. 3 had 
their quantity of poison reduced so much as to be (sapable of being 
eaten with impunity. It has not been exactly ascertained under 
what conditions of cultivation and growth and at what periods, 
accumulation of the poisonous element in t\\Q jmr becomes gi'eatest.. 
As our attention was drawn to this late in the*sea8on when the plants 
Were rapidly losing their poison, no systemartc investigation on the 
subject could be carried out. The American experiments suggest 
that manuring of a poor soil sometimes results in increasing tlie 
amount of the acid in the plant, but certainly there arc other faetprs 
more important than the soil,^ which regulate the amount of^ the 
poison. , 

In this season we altogether analysed 25 samples of which 
seven were from the Sabour* Farm and in all cases the farm crops 
8howe4 oonsiderably less amounts of prussic acid than the outside 
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osee, TH& Svas eii^oted as fch© farm crops this j^ear wi^ ,ve^ 
healthy and, were growing vigorously. ^ . 

What should the cultivator do, if owing to persistent Unfavour- 
able conditions his fodder crop does not grow up properly and shows 
a dangerous amount of the poison ? ,It is unlikely that sun-drying 
mil be pf mnch use as this process will neither break up the gluco- 
side nor kill the enzyme. In fact it was proved by Brunnioh ' in 
Australia, that sun-drying did not render harmless the poisonous 
Juqr. As soon as the dry fodder has been soaked in water the 
enzyme will begin to act upon the glucoside and set the prussic acid 
free. Instances are' not wanting in which the cultivator actually 
sun-dries a crop which he suspects to be unsafe in the green state, 
and keeps his dry fodder soaked in water for a considerable time 
before he feeds his cattle with it. It is just possible that the danger 
is fairly diminished by this method if sufficient time has been allowed 
to the enzyme to break up the glucoside entirely, for pnissic acid 
is very volatile and may escape into the air except in so far as it is 
held in solution ^y the water present ; which at times may be very 
great. We see therefore that there is a considerable risk in using 
sun-dried Juar, firstly, if enough time has not been given to much 
of the acid to escape, secondly, if- there is a good quantity of the 
acid present in solution after soaking. On the other hand, the 
process of storing the green fodder in a silo considerably minimizes 
the danger by breaking up the glucoside, and makes the silage a 
safe food. This is illustrated by simple experiments conducted in 
4;he laboratory at Sabour. The crops of which the prussic acid 
content had been estimated in the same day were chopped and put 
under pressure in small drums and were kept in position by lids 
which were sealed with wax. About three weeks after the lids 
Were opened and the ensilage was analysed and in all cases 
the quantities of prussic acid obtained were inconsiderably 
small. That the glucoside was broken up was indicated by 
the ensilage with water and dilute sulphuric acia, 
in both of which oases the same amount of prussio acid was 
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obtAUM^> following tables give the 'results before *and after 
putting in silo \ 




liefore ensilage 

No. 

. Dato of iiiiaiyaiK and of putting 
ill bilo 

- 



* 

Prussic acid 

PniBNic acid in 



per cent 

grains per 1b. 

1 

2 

3 

A 

1 

HthJ«lyl9J5 

0-0043 

(1-3(1 

‘2 

July Wl.'S ... 

0-0040 

0-2S 

3 

19th July 1915 ... 

0*0081 

0-67 






After eiiHilage 1 

No 

Date of analysis and of opening 
the silage 

PriiRHic acid 1 
pel- cent, j 

PruHsie acid in 
grains pt'r lb. 

1 

o 


4 

1 

2 

3 

lOth August 1916 

Ditto 

Ditto 

O-OOOl 

Trace 

0 (K)0*2 

i 

0-0079 

Trace 

0*013* 


- . ♦ • 


*ltB\T\KKS 




0 


5 


Uangoi'otis. 

Ditto. • 
V^ry daiigoroui. 


llRMAUKS 


Hafe 

Do. 

Do.* 


From the above we see that a crop contained on th<( lUth 
July 1916 as much as 0-3 grain of tlie poison per pound of the crop. 
Only 16 lb. of the stuff is quite sufficient to supply five gr.^,ius of 
the acid, the fat d dose for a country cow, while only a month after 
putting the crop into the siloj; tlie quantity of available prussic acid 
was only O'OOS grain per pound and 500 to 600 lb. of this stuff will 
be required to produce fatal effects in a cow. * 

It appears therefore clear that even^ stunted jmr will be 
perfectly safe when fed to cattle after storing in a silo for a few 
weeks. It is hoped that we shall take up further experiments on 
this next year. 



HOW. TOc>BOTTLE FRUITS, VEGETABLES, POUL- 
TRY, MILK, MEAT, etc., FOR DOMESTIC AND 
' COMMERCIAL PURPOSES.* 

* BY 

K L. ROUT, 

^ Impfctor of Agricnlinre^ Cnttack, 

The above is tlie title of a book by ex-f^rgeant-Major George 
Fowler ^ in wliich are explained in a simple and lucid manner 
instructions to preserve fraits, vegetables, and other foods in bottles 
and jars. 

Sergeant-Major Fowler has patented special apparatus and 
bottles for this purpose. Wlien sterilized in this apparatus the 
above-mentioned articles can be preserved in the vacuum bottles and 
jarS for an indefinite period. 

With the kind permission of Mr. .Tames Taylor, Deputy 
Commissioner of Angul, who has the apparatus and has started 
preserving with success garden produce of winter vegetables such as 
peas and beans and has also preserv^ snipe, the writer is able to 
furnish this article, with the hope that others who are interested 
. m this work inight take it up. 

« * 4t « « 

. Apparatus. 

The outfit consists of a bottling apparatus of tin with a 
thermometer, vacuum bottles, clips and rubber washers or 
rings, a brush for cleaning the bottles. The thermometer is 
.plaqed on the 'side of the apparatus made for holding it in, which 
is connected with the inside by a passage through which the water 

‘ * Boprinted from the Agricultural Journal of the Dept, of Agri.y Bihar and (Jdamf 
vol. 111,^11. ‘ * 

( 884 ) 
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comes i*i and marks the temperature. The apparatus Jot heating 
can be used on an ordinary kitchen or oil stovtf or a gas burner. 

* The following is a brief description. Full details cannot be giW 
as the system is patented, but instructions accompany the apparatus. 

ffow to sterilize. Put the j^ottle filled in with fruits 6r vege- 
tables (cooked or uncooked as the case may be and cowered with 
patent covers with rubber rings) into the apparatus con^^ainbig Water 
half to three-quarters the height of the bottles. Heat th? water 
slowly to a certain temperature. Now reduce the heating mediui^ 
and then let the bottles remain in the apparatus at a lower 
temperature. • 

If the bottled fruits be intended for commercial purposes the 
contents of the bottles must not be sterilized at too high a 
temperatiire in order to avoid breaking, shrinking and rising of the 
contents in the bottles which will mar the value of the articles. 

Take out the bottles, taking care to keep them on wood or 
thick paper as the jars might crack in contact with a cold surface si -oh 
as marble or iron. Keep for 48 hours with the c^jp or clips m, 
when they may be taken off or used for other bottles. If ./he 
bottles are hermetically sealed the covers should be fast on thi.m, 
if not then the cause should be rectified and the sterilization 
repeated. 

An unsuccessful sterilization would cause air to get in ..nd 
ferment the stuff in 18 to 36 hours or become mouldy in a few weeks. 
If all- the germs contained, in the fruit, vegetable or meat, etc., 
have not been destroyed by sterilization although the bottles are 
found to be sealed hermetically fermentation 'will occur and gases 
collect within the bottles. 

The secret of bottling is the thorougli sterilization of the articles? 
on which depends the destruction by heat of every germ in the 
water and contents within the bottles and the exclusion of air during 
the process when hermetical closure of the lid is caused by the air 
beiflg exhausted from the bottles during the heating. To ensure a 

• more perfect vacuum the cover should be on the apparatus. 

, Ag both cooked and unoodked articles are preserved the process, 
for each .of the method’s is slightly different. • 

• 26 
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ForlbottliDg oookod vegetables a hi^ temperatiire is abdtJiftely 
neoessary^te l%e vegetables must be freshly gathered, prepared, 
washed iu salt and water and cooked (for peas and beans boiling Is * 
done for two or three minutes only). Then they are dipped in cold 
^ water lor a few seconds before being put into the bottles. The 
bottles mufct be washed beforehand and put into three-quarter ounce_ 
of salt. 'Flu them with cold water and close them with cover and 
clip (nqt using the rubber washers or rings). Add salt to the water 
p the sterilizing apparatus from 1 lb., 2 lb., 3 lb. accmrding to the 
size of sterilizing apparatus. After sterilizing for the first time for 
two hours at a high temperature it should be continued again at an 
interval of 48 hours at a lower one. The clips should not be removed 
after 48 hours have elapsed after the second sterilization. Thus 
the vegetables are bottled and kept for use. 

The cost of the apparatus varies from 20®. to 50s., including 
a number of bottles, and can be had of Gleo. Fowler & Co,, 
72, Queen’s Eoad, Reading, England. 

In India, where there is so often a superfluity of fruit and 
vegetables at one season of the year and total absence at another^ 
the advantage of bottling surplus produce is evident. 



AND VKTT. 0»FICI)R8 ON MILITARY DUTY ’ ^87. 

AGRiCVCnmAL and veterinary officers on Mill r ary 

DOTY. 

Thb following Officers of the Agricultural and Veterinary 
Departments are serving with His Majesty’s forces for thejperiod 
of the war. Any further particulars as to their movements, 
transfers, etc., will be published here if notified to the editor. • 


Kame 


Designation 



Particuli^rs regarding s^ice 

^ 


IMPERIAL DRPARTMXKT OF AORIOULTURR IN INDIA. 


Major J. W. Leather I V.D., Lately Imperial Agricuh 
F.l.c. tural Chemist, Puia. 


Joined the ^itrrny in England. A 
Major in the 3rd Garrison 
Battalion of the Cheshire 
nient. 


J. H. Walton, B.A., B.Bc. 


Bupernuraerary Agriouh 
tural Bacteriologist, 
Pusa. 


Joined the Indian Army Reserve of 
Officers on 4 th June, 1915, on 
active service in Mesopotamia* 


B. N. Mitra 


P. 9. Patel 


H« N. Sharma, b.a. 


Assistant, Mycological 
Section, Pusa. 


Assistant, Pathological 
Entomological Section, 
Pusa. 


Joined the Military Service on lith 
July, 1916, as Indian Warrant 
Officer, to help Captain C. P. C. 
Beeson in dealing with the fly 
nuisance in Meimpotamia, « 

Ditto. 


Ditto 


Ditto. 


L. B. Joseph, G.B.V.u. 

P. G. Kar 

T. V. V. Subramania Aiyer. 
P. Narayanan 
D.P. Singh 


V'eterinary Assistant, 
Pusa. 

Pieldman, Mycological 
Section, Pusa. 

Typist, Ento m ol o g i c a 1 
S^ion, Pusa. 

Artist, PublioatioD 
Kranoh, Pusa. 

Fieldman, Pathological 
Entomological Section, 
Pusa. 


Ditto. 
Ditto. 
Ditto. 
Ditto. 
• Ditto. 


tmtwwiHAf. BAOTXRIOIOOICAL LABORATORY, MUKTRSAR. 

. .. . « I aVa aS41{A<i..0 TWn*rfvn*n4 

B. V. Norrts, M.so. 

(Manch.), F.i c., o.so. 

(London) 


O. H. K. Macaliater, 
M.A., B.O., M.D., D.P.H., 
• M.B.O.B.,* LiB.O,P. 


Pathologist. 1 m p e r I a 1 
BactmdoioginAl Labora- 
tory, Muktesar. 


Joined the Military Department on 
the 7th of October, 1915 ; now on» 
active service in Mesopotamia as 
Second Lieutenant, I. A. B. Q., 
attached to 112i4i • Mahratia 
Infantry. ^ 


Permitted to apply for active 
servioe nnder the Direotor'Oene- 
ra), Indian Medical Service. 
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BENGAL. 


K. McLeftn, fi.8o. (Bdin.) .. 

A. 1). MaoGre^br, m.r.c. v.s. 

o 

a 

c 

P. J. Ke\:r, M.u.c.v.8. 

Nalinaksbya Basu 
Na{;endra Nath Banerjee . . 
Bidhu BhuHan Sen 
Jitendra Nath Sen Gupta 

o 

Khagondra Nath Ghosh .. 
Sailendra Lai Sen 
Jarman Singh 


Deputy Director of Agri i Has already applied to join the Indian 
culture, Dacca. • Army Reserve of OfficeiH, 

Officiating Superintendent, I Posted to Meerut on the ISth Feb-^ 
Indian! Civil Veterinary | ruary, 1916. 

Department. I 

Superintendent, Indian I Serving with Expeditionary Force, 
Civil Veterinary Depait- 1 D. No. 9, Field Veterinary Section, 

ment. | with effect from 10th July, 1915. 

Veterinary Assistant Serving in 45 Corps, Ambala Can- 

tonment, from 14th May, 1916. 

Ditto ... Serving in 47 Corps, Lahoi*e Canton- 

ment, from 2l8t May, 1916. 

Ditto ... Officer in charge Transport Corps, 

Lucknow, from 9th May, 1916. 

Ditto Officer in charge Transport Corps, 

! Lucknow, from 15th May, 1916. 

Ditto Serving in 71 Camel Corps, Feroze- 

pore, from 2tKl June, 1016. 

Ditto ... Serving in 16 Grantee Camel Coij)s, 

Rawulpiitdi, from 14th June, 1916. 

Ditto Serving in Cavalry Depot, Snugor, 

from iOth May, 1916. 


BIHAR AND ORISSA. 

E. J. Woodhouse, m.a., Economic Botanist and Joined the Indian Army Reserve 
F.L.B. Principal, Sabour Agri- of Officers on 14th March, 1915, 

cultural College. serving as Lieutenant, Central 

India Hoise, I. E. F. “A.” 


N. S. McGowan, Diploma Pi'ofessor of Agrioiiltiire, Joined tho Indian Army Resei*ve of 
in Agriculture (Cantab.) Sabour. Officers on 8th March, 1915, served 

ns Second-Lieutenant, 53rd Sikhs, 
I. B. F. E.” Wounded in action 
and is in hospital. 


UNITED PROVINCES. 

A. B. Parr, Ph.D., m.a , Deputy Director of Agri- Attached to 11th Cavalry, with effect 

B.Bo., M.B. ... culture, Aligarh. from 31st August, 1915. 

B. D. Fordham ... Garden Overseer ... Attached to Indian Expeditionary 

Force ** B,” South Africa. 

W. 8. Smith ... Ditto ... Ditto. 

T. 8< Davies ... Deputy Superintendent, Private Anglo-Indian Force attached 

' Indian Civil Veterinary to 1st South Lancashire Regi- 

Department. ment, Quetta. 

M. Sodiq Husain ... Veterinary Assistant ... 27th Mule Corps, Peshawar. 

Sirdai* Jogendra Singh ... Ditto ... 3rd Skinner’s Horse, Bareilly. 

Sir^r Kehar Singh ... Ditto ... 16th Cavalry, Lucknow. 
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Sirdar Marat SiDgh 

Sirdar Niranjan Singh .. 
<M. Bashir Mohamed Khan 

Sirdar Nand Singh 
M. Abdul Rahman 
Bai Kedar Nath 
Munshi Rabat Husain 

H. Southern, m.a. 


T. Gilbert, B.A. (Cantab.), 
Diploma in Agriculture 
(Cantab.) 

E. S. Far brother, 

M.R.C.V.H. 


E. Ballard, n.A., r.E.b. 


W. J. D’CoBtii 


iS. C» JeyaHingh Raj 


S* R, Lakshinan 


a U. Rajamanikkan Pillai ... 


Designation 


Particulars regarding service 


VnUid J?muiic««-“Contd, 


Veterinary Assistant 

Ditto • 
Ditto 

Ditto 

Ditto 

Ditto 

Ditto 


ilRh Prince Albeit Victor’s Own' 
Poona Boise, Ainbaln. 

36th Jacob's Horse, Ambala. 

38th King George’s Own tentrai 
India Horse, Agar. t 

4lfet Mule Corps, Sialkot. ^ 

46th Mule Corps, Rawalpindi. 

17th Miilo Corps, Bannu. 

40th Mule Cadre, Lahore. 


PUNJAB. 


Deputy Diicotor of Agri> Joined the Indian Aimy Reserve of 
culture, Gurdaspiir. OMceis on the Pith of March, 1916, 

os Second Lieutenant, Expedition- 
ary Force. Repotted missing in 
Mesopotamia ; iinotHcially sinder* 
stood to be a prise .ler in Turkish 
' hands. 


BOMBAY. 


> Deputy Director of Agri- lias alieady applied to join the Im'ian 
‘ culture, Southern Army Reserve of Oflicere, 

I Division, Dharwai*. ^ * 

i Veterinary Olticer attached Ditto, 

to the Office of the 

I Superintendent, t’ivil , 

I Veterinary Department. ' 

. Sind, Baluchistan and | 

Jhijputana. 


MADRAS. 

Govenunont Entomologist I Joined the Army in Englanu with 
I effect fioin 12th February, 1916; 
' serving in Royal Field Artillery. 


Veterinary Inspector 


j Joined the Army on the 6th of 
November, 1914 ; Vet-erinaiy 
I Inspector attacbod to No. 10, Field 
; Veterinary Section, Indian Ex- 
; peditiosiary Force “ D.” 


■ Vcferiiiary As-sistant 

I 


Ditto 




Ditto 


j Served the Military Departmoni 
! from 26^1 November, 1914, to 26th 
January, 1916, when ho returned to* 
his original post, being invalided 
for military duty. , 

Serving in the Army Department 
since Hth May, 1916, as Reserve 
Veterinary Assistant through the 
Base 'J’ransport Officer, Indian 
Expeditionary For(?l“U.” Makina 
Masus. • 

Serving as Veterinary Assistant, 20th 
Duncan Horse, Neemiich, from Ist 
April, 1916. 
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' 

ClimiAL PBOnNClS. 

J.B.IUtcIiie,li.A.,s.so.... 

« 

Deputy Director of Api* 
oulture, Weitem Cirole, 
Nagpur. ( 

Baa already ^iplied to JoiB the 
Army. 

LM.Boy 

Veterinary Inspector ... 

85th Scinde Horse, Jnbhnlpore. 

( 

AMol Rahnui 

( 

Ditto 

Dep6t 29th Lanean, Sangon 

Bemn] SMigIt 

Veterinary Assistant 

2nd (Rawalpindi) Division. 

4tta Mahomed Khan ... 

Ditto 

Ditto. 

D. Holla Singh 

Ditto 

Ditto. 

M. AeOafoor Khan 

Ditto 

Ditto. 

B Farddsbi 

Ditto 

Ditto. 

Mohan Lai Bali 

Ditto 

45th Mule Corps, Arobala. 

P 8. Nair 

Ditto 

54th Camel Corps, Lahore Canton- 
ment. 

k. K. Patankar 

Ditto 

Tlst Camel Corps, Keroxepore. 

Mina Kunhed Ali Bex • > 

Ditto 

Ditto. 

(2aii Minhaxuddin 

Ditto 

Not yet posted, 

<• 

ASSAM. 


A. 0, Birt, B.ac. (Durham) 

1 

1 

Deputy Director of Agri* 
culture, Assam. 

1 

j 

Joined the Indian Army Kesei'Ve of 
Oflicerb on dOth April, 1915 ; attached 
to the North Staffords Regiment 
and then transferred to the 87th 
and 82nd Punjabis. Invalided to 
India temporarily. 

U. KollinxtOTi 

Veterinary Assistant ' 

j 

Posted to 8rd (Lahore) Divisional 
Area; Jiillunder. 

Bureah Chandra Chanda ... 

Ditto 

Attached to 8th (Lucknow) Division, 

1 Lucknow. 


BURMA. 


Colonel 0. H. Bvana, c.j.k., 
i.D.C., M.B.C.V.B 

Siiperiateiidoiit. Civil 

vetertnan Department. 

Served at Rangoon os Port Defence 
Volunteer from 5th August, 1914, to 
15th January, 1915. 

N]a)orT. Rennie, m.k.(;.v.h. 

Second Superintendent, 
Civil Veterinary Depart 
; mont* 

Ditto. 


NOTES. 


The Preparation of Indigo Paste. Mr. W. A. Davis, tKe newly 
appointed Indigo Research Chemist, instituted experiments imme- 
diately on his arrival in India to ascertain tbp best methods of 
preparing indigo paste of standardised indigotin content and of 
preserving such paste from bacterial change during storage or trans- 
port. He has established that there is no real difficulty in preparing 
an indigo paste containing apprordmately 20 per cent, indigotin. 

A large scale sample of about ^ ton of uniform indigo paste wu-i 
prepared at the end of July at the Honourable Mr. D. J. Reid's 
factory at Belsund and tliis has been sent to England for the dye « 
to report upon. • 

Experiment has shown that probably the best method of 
rendering the indigo paste stable is to make it slightly alkaline dm 'ng 
mixing, by adding about 0'5 per cent, of soda ash. Such paste can 
be kept for months without showing any development of bacteria 
or change in composition. There will be no difficulty in preparing 
homogeneous indigo paste provided a suitable mixing macliine is 
installed in the various factories. We await with interest further 

developments.— [Editor.] ^ * 

♦ 

* * • 

The Improvement of Fodder Production in India. The impro'^e- 
ment of cattle in India depends largely on a plentiful supply 
of good fodder. This fact is now being generally recognized 
and few people are to be found who believe that any iteal 
^nrogress can be made in animal production if thte food-supply 
remains, as at present, a limiting factor. The first step in the problem 
is to feed the animals which already exist. The creation of new 
types ftTid the improvement of the present breeds b^ selection ifte 

( ) 
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matters of seoondary importance in so far as the ciQtiv&tor'' is 
oonoerned. , ^ 

^The increased production of fodder per unit area is one of thd 
subject? which has been taken up at the Quetta Fruit Experiment 
Station. ' In order to get the land ipto condition for fruit and also 
to provide -t, cover-crop between the rows of young trees,, various 
annual fodder plants have been tried. Of these, Persian Clover or 
shaftal {Trifolium resupinatum) has proved the most satisfactory. 
This is a rapidly growing annual which can make use of the winter 
rains and which gives a large amount of fodder, the last crop of 
which forms an excellent green manure. An account of the culti- 
vation of this crop and of the preparation of clover hay has already 
been published.' In the present note, the best method, so far 
discovered, of inducing the crop to give the highest yield per acre 
is dealt with. 

Where the irrigation water is limited, as at Quetta, two means 
of increasing the duty of water in fodder-growing have been found 
successful. In the first place, crops like sJiaftal grow faster and 
need less water if the land is manured in the first instance with 
farm-yard manure at the rate of about fifteen to twenty tons per 
acre. The manure apparently increases the aeration of the soil for 
the benefit of the root-nodules and the effect on the land is not lost 
in subsequent years. Indeed the growth of the shaftal improves 
the fertility and the second year’s crop without manure is better 
than the first. The second method of makiug the water go further 
is by the proper grading of the surface so that the irrigation water 
flows evenly over the land. In such fields, long narrow Maris, about 
30(y X 26', can be watered easily from one end from a well-made, 
turfed distributary. The expense and trouble in grading and 
levelling and in the adoption of the most suitable form of Mcvri is 
well repaid by the amount of water saved, by the ease with which 
irrigation can be carried out and in 'the evenness of the resulting 
crop. 


^ Clover and Olover hay, BuUtttn no, 6, JVntt SeptrimmU Station, QutUa, 1916 (reprinted 
In the, 4sneuUural Journal of India, vol. XI, p. 71, 1916). 
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Dunng the past season, one of the plots at Quetja 'which' was 
^ not in very good condition was put down in fhqftal in August 1916. 
•The land was manured with* farm-yard manure at the rate of aboufr 
20 tons per acre and sown with shaftal under a thin cover-crop* of 
maize. The area of the plot was 0'6735 acre and five\*uts were 
taken as follows : — • 


lb. 

1. First cut on Oclolier ISbh, 1915 ... ... ... *1,325 

2. Second cut on Decemljer 2iid, 1916 ... ... .. 

3. Tliird cut on March 14th, 1916 ... ... 6,640 

4. Fourth cut on April ‘20th, 1916 ... ... 12,730 

5. Fifth cut on May lOtli, 1916 .... ... ... 13,737 


Total of live cuts ... 3S,017 


The last crop, which was about the same as the fourth or fifth 
in weight, was not harvested as this particular plot was kept for 
seed. Taking this at 12,000 lb., the total of the six outs would have 
amounted to 50,017 lb. of green fodder. This works out at 
33'15 tons per acre per annum. At eight aimas per 100 lb., tho fear’s 
produce, would be worth Rs. 371 per acre, an income ob ained 
with the minimum expenditure of water and resulthig in an increase 
in- fertility. This result, which has been confirmed many times 
at Quetta, indicates the metliods which should be adopted in 
fodder growing on alluvial soils in India — intensive cultivation 
combined with the minimum expenditure of irrigatioinvater It is 
probable of course that still heavier manuring would give more cuts 
and more produce per cut. This has not been tried up to the 
present as the supply of farm-yard mamue in the Quetta valley 
is limited and there is no pomt in discovering improved im thodS 

which cannot possibly be applied. — [A. HowAnn.] 

* 

# * 

A PAPER on “Scientific Agiiculture in India” by Mr. James 
MacKenna, M.A,, I.C.S., Agricultural Adviser to the Government 
>f India, and Director, Agricultural Research Institute, Pum, Was 
lead at the meeting of the Roy&l Society of Arts on 27th*April, 1916, 
)y Sir Steyning W. Edgerley, K.G.S.I., K'.C. V.O., (!.1.E. The paper 
vas much on the lines of Jiis recent monograph on “ Agriculture 
n India.”. The dtfoussion which followed is published m the 

4 ' • * 
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Joufnal of ‘tljat Society, Vol. LXIV, No. 8316, June 9, 1916, “ind'iB 
reprinted hore as ' it contains muoli that is suggestive and 
'illustSrates the different points of view'-which appeal to workers in ' 
different lines. 

* r 

The Chairman (Sir Robert W. Carlyle), in opening the dis- 
cussion,, 8ai(k>the out-turn of rice in India far exceeded that of 
any country in the .world of which we had accurate figures, it being 
grown ovier an area which was almost equal to that of Great Britain 
anji Ireland. The production per acre, however, was not at all 
satisfactory. Compared with countries like Italy and Spain it 
was very poor, the' out-turn in Spain being on the average about 
five times as great per acre as that in India. In the out-turn of 
wheat India was second to the United States and Russia, it being 
grown over an area greater in extent than England. The importation 
of Indian wheat last year played a great part in preventing 
an exorbitant rise of prices at a critical period. Here again the 
production per acre was low, it being barely one-third of the average 
out-turn. in this ^country. India had the second largest out-turn 
of cotton in the world, taking second place to the United States. 
As, regards sugarcane, it headed the world. The out-turn per acre 
was bad, the average in India being about one ton of raw sugar per 
acre against four times that amount in Java and Hawaii. Thus 
there was a large margin for improvement in quantity and very 
often in quality of the crops grown over large areas in India. It 
was impossible to hope that, within any reasonable number of years, 
,the out-turn of rice or wheat per acre would approach that of Spain 
or England, but it was possible by scientific agricultme to obtain 
something very much better than the present meagre results. The 
airthor had indicated that it was expected in a few years, owing to 
one improvement in wheat alone, to make £6,000,000 a year more 
than at present. That improvement affected only one-sixth of the 
area under wheat, and it would bring the yield up to about one-half 
of ,what it was at present in England. The improvement of 
agriculture in India was, he believed, the greatest problem now before 
t^t country. The Indian agrioulturiet often did admirable work 
so far his means allowed, and by many centuries of e3q)eri!2uoe he 
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lad ftvolved ezcellent methods, but theii ptaotioe oould be improved 
jy scientific apphcation. He did not in th^ least •underrate the 
mportance to India of general industrial development. It was vei^ 
l^irable that the proportion of the population entirely dependent 
)n the vicissitudes of the s^sons should be diminished ; but ^he 
luain staple of India must for all time, so far as h6 could see, be 
agriculture. The development of agriculture was not^nly of vital 
importance to India from the point of view of the economic welfare 
of the people, but also of very great importance politically. . He 
believed that under Indian conditions, no political development 
could be altogether sound which had not at Its base a prosperous 
peasantry capable of imderstanding and taking its full part tin the 
local administration. It was very fortunate that just at the time 
when, under Lord Curson’s government, the Agricultural Department 
was put on its present lines, the great co-operative as’sociation 
movement w'as also developed. He looked to that movement to 
produce a profound transformation of Indian social couditiojis. In 
the ten years that elapsed since it was first really started, 750,000 
members had joined the associations, and he had seen in aJl parts 
of India the great increase in the well-being and well-li' iiig of 
villages where they flourished. As the author had pointed out, the 
two directions iir which agriculture would greatly benefit by the 
movement w'ere, &stly, that it enabled tlie Agricultural Department 
to deal Avith bodies of agriculturists instead of rvith single cultivators ; 
and, secondly, it enabled the cultivator to borrow money at a 
rate of interest so low as to enable him to apply capital to t||^e 
soil with profit. The cultivator bad not, so far, availed himself 
of that privilege to any great extent, but he was sure that there 
would be rapid development in this direction, and that, owing to 
the influence of the associations, much more capital would be 
applied to the soil. India owed a great debt of gratitude, to Lord 
Curzon for his action in regard to agriculture in India. It was very 
^argely owing to the interest that he had taken in the matter, and 
to his insight into the best methods of furthering it, that the 
A^icultural Department ewed its organization on present li^es ; 
and jt was also largely due to him that legislation w'as passed 
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which mad6 co-operative associations possible, and which provided 
die adminisfetative 'machinery for stimulating the growth of such 
kssoeiiitions. It was also under Lord' Curzon’s regime that ^r 
CJolin Scott-Moncrieff’s committee was appointed which investigated 
the possibility of developing irrigation in India, and the result 
jf' its labours had been that the amount of work done since then 

I 

m irrigation had enormously increased. All the time he was a 
Idember of Council he never experienced any difficulty in getting 
noney for any irrigation scheme which was ready. The author 
bad shown in his paper a thorough grasp of the problems with which 
the Indian Agricultural Department had to deal, and he was sure 
the cpuntry would derive great benefit from his knowledge and 
lapacity during his tenure of office as Agricultural Adviser. 

Sir H. Evan M. Janies, K.C.I.E., C.S.I., thought from his 
JxperieUce, going back fifty years, that very great difficulty would 
be experienced in getting the conservative agiiculturists of India to 
lupport the Agricultural Department. Fifty years ago there was 
1 great demand for good Indian cotton in consequence of the 
American War, and a veiy distinguished Collector, without any 
issistance from Government, bought up all the seed which he could 
procure of the best variety then on the market, called Hinginghat, 
ind forced the ryots to sow it. If any ryot sowed any of the old 
bad indigenous cotton his crop was pulled up. As a result, in the 
irst year the ryots of that district benefited to an incredible extent, 
jwing to the superior value of the new crop. At the conclusion 
)f the American War interest in Indian cotton on the Liverpool 
lotton market died out, and an Act which had been passed in Bornbay 
0 prevent the adulteration and mixing of cotton was, at the instance 
)f ttie Bombay merchants, repealed. As a result Indian cotton 
igain. became a byword in the market ; but a fresh attempt was 
low being made to revive the cultivation of better staples. Unless, 
lowever, the Government of India were prepared to go further 
3han merely* ifitroducing good staple's, by insisting on their being 
jrown and kept pure, all the very benevolent e^eriments referred 
to in the paper were, so previous esperienoe proved, likely to prove 
ibortlyg. The .ryot was a very nice fellowj- but he was very. 
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oonslrvative ; and although undoubtedly a good deal might be done 
the way of improving Indian cotton, it w is i very leng and hard 
climb uphill to do anything really practical and permanent*. 
Nevertheless, he wished every success to the Department. 

Sir Andrew H. L. Fraser, ^.C.S. 1. (formerly Lieutenanl-Goverqor 
of Bengal), differed entirely from the remarks made? by Sir Evan* 
James, his experience making him an optimist in rt^^ard to the 
future of Indian agriciilture. He believed the Indian .cultivator 
was perfectly ready to adopt any method which was actually prqyed 
to pay, but it was necessary to show him that something was to be 
gained by adopting the recommendations of *the Department. It 
was not his experience, especially in later years, that it was difficult 
to get the ryot to move in the right direction. He w'as very glad 
to think that the abominable heresy that an improvement in 
agriculture could only be obtained through the medium of large 
capitalist cultivators had now been dispelled. Capital was, of course, 
necessary ; but he would rather give up hope of improvenu^nt thi’.n 
see the smaller cultivators swallowed up. The gr/)wth year i)y year 
of the co-operative system, which had been initiated with .so much 
success, filled him with the greatest belief in the future of Indian 
agriculture. 

Lieutenant-Colonel 8. II. Godfrey, (J.I.E., Indian Political 
Department, said that Central India contained many forest tribes 
which took very reluctantly to agriculture, but which worked very 
keenly on the development of forest produce. The importance of lac 
was brought home to him shortly before the war. The Maharaja »f 
Rewah started a lac factory on up-to-date dines in order to develop 
that very important industry in Central India, and shortly beforfe 
the war Germans offered to take the whole of its output, which fhcy 
mixed with cheap German alcohol and exported as varnish. ’When 
war broke out the German trade stopped, and the forest tribes .were 
threatened with the eliminatipn of their means of livelihood.. Two 
^small States in Central India, in order J;o rescue their forest txibes; 
started a scheme to work the factory themselves, which proved, 
suQcessful : and as the ma/kets in Central India for forest produce 
•were Jimited, a project was submitted to the Government of India 
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to develop a' v^er ambit for the Native States which had the various 
forest tribes depending upon them. It was approved by the Govern- 
ment of India, and the Maharajas of PattiSj iPanna, and Chhattarpur, 
the Rajas of Nagod and Maihar, and the Chaube- Ji^rdars of the 
Baghelkhahd Pohtioal Agency formed a private limited liability com- 
pany for the development of the work. Shortly after the beginning 
of tne war, Oawnpore was sufiering from the want of tannin; 
the Chiefs employed a scientific expert to report on their produce, 
and they discovered they possessed some very valuable taimins 
which were wanted by the Cawnpore factories for the manufacture 
of army equipment. 'The company at present deal with lac, tannin, 
and hides, and the Maharaja Holkar of Indore had established a 
factory for the manufacture of vegetable dyes for the replacement 
of anilinfi dyes. It was the first co-operative State scheme that had 
been started in India, and had great possibilities. The Central 
Indian States covered a very large area, from which it might be 
possible to obtain acetone by dry distillation, and tannin, the latter 
of which would go far towards supplying a very sore need at present 
in India, which had to be met by the importation of wattle bark 
from countries as distant as South Africa. If encouragement were 
given to the far-sighted and patriotic Indian Chiefs who had risked 
their money in the concern, it would not only benefit them and their 
people, but it would go a long way in the scientific development of 
other States. The Chief Commissioner of the Central Provinces 
had signified his approval of the scheme by giving to the company 
large tracts of forest in the northern portions of the Central 
Provinces on what was practically a profit-sharing basis, which seemed 
to show that a responsible official had some belief in the development 
of Central Indian forest produce on scientific lines. His Majesty’s 
Secretary of State for India had sent a tannin expert to India and 
Burma with instructions to visit the Native State factory at Maihar, 
in Central India. 

^ Mr. A. YUsuf Ali, I.C.S. (retired), pointed out that the apparent 
slowness writh which agricultural improvements were introduced 
into India was not due so much to the unreasonable attitude of the 
ryots o^of the people as to certain conditions which made it difficult 
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fOlr to utilize tkose prooesses from which they werrf convinced 
they could make money. He was an optimist in r^rd to the 
•improvement of Indian agriouljure in the future, but there •were* 
four main difficulties in the way of a greater scientific application 
of improved methods. Pirstlj, the ryots had very little capital. 
Although agricultural co-operation had placed within* then meaM ’ 
the power of combining together and raising capital, •it must* be 
recognized that the co-operative credit movement was in it5 infancy, 
and as long as rates of interest of 9 and 12 per cent, prevailed it 
was impossible to speak of the salvation of agriculture in the matter 
of borrowing capital. The second need of the^ Indian agriculturist 
was a better organization not only in regard to the selection and 
issue of good seed, but in the selling of the produce. The ryot often 
received far less than his due for his produce, a larger proportion 
than was equitable going to the middleman. Thirdly, *a more 
favourable fiscal arrangement was required. Many of the- by-' 
products of agriculture were not utilized because the ryot sometimes 
felt that he was handicapped by the Revenue Law. A great deal 
had been done in recent years in the Northern Provinces in the way 
of ensuring to the ryot the benefit of any improvements he nqde, 
but he did not have as much pmtection as he should do. The 
zemindars were also chary in many cases of investing capital in the 
land, because they found that, in the periodical settlemem, they 
did not always obtain the results which were contemplated under 
the Revenue Law. An improved Revenue Law in regard to the 
partition of land was required. Small holdings were sub-divided 
to such an extent that holdings of less than,one acre existed. Such 
minute sub-division was not necessary, and it would be found in 
many oases that they were merely paper sub-divisions. It was 
necessary to insist that in Revenue partitions the holdings should 
be compact' and not scattered abo\it. The most important necessity 
of all was improved agricultural education, because in his 
opinion more capital would "be forthcoming, bettA- Organization 
would be available, and better fiscal arrangement would be insisted 
upon when the agriculturist was better educated. Education — ^(he 
rigfit sort of education— was the crux of the matter^ an^ he would 
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like to have peen more attention devoted to that subject it the 
paper. c. • 

* Sir Frederic S. P. Lely, K.C.S.L, Cl.E., expressed his sense of ' 
adhiiratinn of the silent but substantial work that had been done 
i^ India during the last few years by, the Agricultural Department. 
Compared wth earlier days there had been an enormous advance 
in the maiuler in which the Government had dealt with the subject. 

Mr. J. S. Beresford, C.I.E., said the agricultural conditions in 
Egypt were very much the same as in India, but there was a great 
difference in the results obtained and the rentals charged for the 
land. The difficulty in India was that the cultivator had a very 
small' amount of capital, whereas in Egypt the farmer thought 
nothing of spending £2 an acre on imported artificial manures, 
without which the large crops grown coidd not be produced. He 
doubly recouped the expenditure by the greater yield. It was 
impossible for the best production from the land to be obtained 
without the expenditure of capital, and in any new schemes the 
Govermnent of India introduced that fact must be borne in mind. 

It was of interest to mention that since the Agricultural Society of 
Egypt took in hand the purchase and distribution of artificial manure 
Ihe consumption had largely increased. The import in 1909 was 
21,000 tons, value £178.000 ; while in 1912 it had risen to 70,000 tons, 
value £668,000. Ninety per cent, of this was nitrate of soda. It 
was chiefly due to the judicious application of such manure that the 
high level of production in Egypt was now maintained, for the 
supply of nitrates from the numerous ruins in the country, on which 
the people formerly relied, was fast becoming exhausted. 

' Sir Daniel M. Hamilton, in proposing a hearty vote of thanks 
to Mr. MacKenna for his admirable paper, thought the last speaker 
had put his finger on the weak spot in Indian agriculture, via.,- the 
wapt of finance on the part of the cultivator. It was impossible 
to bipld up any industry unless it had a sound system of finance 
' at its foundation. Until the financial question was settled he was 
afraid Indian agriculture would not advance as rapidly as it shoiUd 
do,- He recently read a paper by Mr. Howard calling attention to 
the fact" that the surface soil of India, which Was the best part of 
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the soil, was being washed' away. Mr. Howard advocated the 
erection oi irrigation bnnds^to bold up the soil, but* such work 
could not be carried out without money. So far as manures 
were concerned, he hoped a trial would be made in India* of the 
baoterialized peat discovered -by Professor Bottomley of King’s 
• College. It had been proved to be a first-class manune, and wjjs, 
he understood, being manufactured by the Manchester (Corporation 
at £3 a ton. The Government had recently appointed a CJommission 
to study the question of helping Indian industries. Eveiything 
possible should, of course, be done to help manufacturers of every 
kind, but it was often forgotten that the agricultural population of 
India must always be the great purchasers of manufactured gcAsds, 
and it therefore seemed to him that one of the ways in which the 
industrial development of India could best be helped was to ^.evelop 
her agriculture in every possible way. 

Sir Frederic W. R. Fryer, K.C.S.T. (late Lieutenant-Governoi 
of Burma), in seconding the motion, fully endorsed Sir Andrew 
Fraser’s statement in regard to the willingness of ihe ryot? to take 
up any improvement provided he could be convinced that it would 
pay him to do so. Wlien he was Deputy Commissioner of Htwiara 
he introduced to the sugarcane growers the iron mill made by 
Mr. Milne, and they adopted it in preference to their wooden mill, 
as it could be worked with one bullock instead of two ; but they 
would not use the English plough because it necessitated the use of 
two men and two bullocks, compared with one man and one bullock 
with the native plough. The cultivators in India were always ready 
to adopt any improvements that were viable to their personal 
observation, and he was certain they would 6e.only too pleased to 
avail themselves of the services of the Agricultural Departme,nt. 
That Department was evidently doing very good work, and 'the 
development of agriculture was, as Lord Chirzon perceived, one. of 
the first objects to which the Government should devotq ite attention. 

The Chaiiman, before putting the njotion, said that Sir Evan 
James’s scepticism was not altogether unnatural, as cases had 
occurred in which the cultivators had thrown away the whole advan- 
tage they had gaine(^ from selection of seed by adulteration on a 

• 5!7 
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large soale. , The Agricultural Departaent was uow fuUy alive to 
that dangerycand the organization, was so good that it was not likely , 
' to dbour again. He also thoroughly^ agreed with Sir • Daniel 
Hamilton’^ remark that finance was of the greatest importance to 
agiioulture. 

The relAolution of thanks was then put and carried 

Sir Steyning Edgerley promised that the v'ote of thanks which 
hS)^ been so heartily passed should, in due course, be communicated 
to Mr. MaoEenna. The suggestion was made in the paper that 
organized developmmxt was begun in Bombay by Mr, Mollison, but 
he was sure that gentleman would be the first to acknowledge the 
labours of a Bombay civilian, the late Mr. Edward Ozanne. He 
went home to Cirencester iu 1881, took his M.B.A.C., and on his 
return to India was appointed in 1883 the first Director of 
* Agriculture in Bombay. Mr. Ozaime did much spade work between 
1888 and 1890, and had successfully dealt with the dairy industry, 
the number of dairies run on scientific lines having been raised from 
one to about 800 by 1888, if his memory was correct. He thought 
it would be found that it was because of Mr. Ozaime’s success that 
the business in Bombay outgrew his powers of dealing with it, and it 
became possible to convince the Government of India that there 
was a good case for bringing out Mr. MolUson as Superintendent of 
Experimental Farms in 1890. It remained only for him to express 
the thanks of the Committee to Sir Robert Carlyle for kindly 
presiding that afternoon. 

* 

* * 

quote the following from an article on Ayrshires in ‘India 
prihted in the Ncr&i British Agrievkwist and reproduced in 
the iownai of Dairying and Dairy Farming in India, Vol. Ill, 
Part 11. 

" The native cattle of India are almost entirely of the humped 
»type. They are v^ usebil and docile cattle in the main, but they 
are not heavy milkers. They, however, yield very well in butter-fat, 
tl^e average as a rule beiiig about 4|‘^er cent. The problem set 
before^' Smith (Assistant Director of Dairy Farms), and his tellow- 
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workers, therefore, was to find the breed most suitable to cross with 
. ^tese oattle in order to increase quantity, and at the sadfe time pot 
mteiially reduce the butter-fat yield. The importance of main- 
taining the butter-fat ratio will be apparent when it is stated that 
the milk supplied regularly to the Army authorities is expected to> 
'average about. per cent, of butter-fat. The way fiiat this js 
done is to keep attached to each farm a certain number, of ,bufialo 
cows, and to mix their milk with that of the ordinary cows. The 
buffiilo cow is not a heavy milker, but, like the native Indian cow, 
she produces a high ratio of butter-fat, the majcpity indeed giving 
up to 7^ per cent. A mixture accordingly of two parts cow’s milk 
and one part buffalo’s milk usually gives about the desired percentage 
in the mixed milk. But of course that did not get over the question 
of mcreasing the yield of the native cows, and to do this experigaents 
were carried out with Ayrshires, Holsteins, Shorthorns, and one or 
two other milky breeds. It was interesting to hear from Mr. Smith 
that of all these the Ayrshire did best. Not only did the imported 
animals themselves live better than did those of either of the* breeds 
mentioned, but their progeny were generally of a hardier class, 
while they came consistently more milky. So pleased are thfe 
authorities with Ayrshires for this purpose, that they have practi- 
cally adopted the Ayrshire bull as their crossing animal, some havmg 
been inaported this year for this purpose alone. We have seen 
recent photographs of first crosses between Ayrshire bulls and native 
cows taken on the Government farms in India, and while the animals 
preserved undoubted indications of their mixed ancestry in slightly • 
dropping ears, and in rather dreamy heads in ipany cases, they also 
showed distinct traces of the Ayrshire in their colourings and bod^ 
formation. Many of the animals are spotted and speckled just as 
is often seen in a mixed-colour A 3 rrshire at home, while the drooping 
■ quarters of the native cow is nearly always minimized, if it is' net 
entirely eliminated. Mr. Smith is greatly pleased with the res’ilt 
of the cross, and says that already, throu^ its use, it has beeh 
"possible to increase the average herd yield as compared with the 
•wholly^ native cow day? by something approaching 100 per cwit." 
An intei^ting feature of the Ayrshire crosses is that thi^ u almost 
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no trace ol the hump of the native cow on them. The excrescence 
sepms to*3isappear at once, while tjjie crosses are very little short, 
pi the native cattle in hardiness and ability to stand the often trying 
heat. ' .Very fair crosses were got from both the Shorthorn and the 
Holstein ijj some oases, but the former especially were inclined to go 
to beef, ^and the latter were greatly affected by the climate, many 
of the original importations dying before full use could be got of 
them.’* 

" In this coimeotion the following facts taken from an article on 
“ An Indian Dairy Farm (New Style) ” at Bangalore by Rev. Harold 
Short published in the same issue of the Journal of Dairying and 
Dairy Farming in India will be read with special interest. 

“ We inspected some of the Ayrshire bulls, which are imported 
from Scotland yearly — 13 arriving last year — also a few from 
Australia. 

'* They have worked a wonderful improvement in the Indian 
cattle. Crossed with the “ Hansi ” cow from Delhi, the “ Saniwal ” 
from the Punjab or the " Sindi ” from Sind district there is an 
upward result in appearance and milk production. 

“ The highest price for a country cow is £10 to £20. A half- 
bred Ayrshire goes for £25 to £40. 

“ On the first cross the unsightly hump on the shoulders of the 
native cow and the loose hanging flesh from the neck disappear, 
the horns are shortened and the whole formation of the animal is 
broadened and deepened. This improvement has been increased 
to the third generation. We saw an heifer of 18 months — ^the oldest 
of the fourth generation. Its products are awaited with great 
Jnterest. The crosses have calved at 2\ years, but the country cow 
knows not the joy of maternity until her fourth year. But the 
greater velue of the cross is shown of course in the milk supply. 

' ' " The following ‘ Comparison Statements ’ will show the 

extent of the increase. ‘ 

'• “ The Saniwal-Ayrshire ‘ Jill ’ has shown the common 

continued increase with each lactation period — ^her first giving 
‘ 7,997 lb., the second 8,031, while the third is proceeding ael shpwn' 
below. The calf is always taken away or weaned after seven days. 
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Comparison Statemmt of Yidds-fat. 


6 of the beet half-brede. 

6 of the best^ountry-J^eds. 

No. of 

Yields. 

Fat. 9 

No. of 

Yields. 

Fat. 

Cow. 

lb. 

lb. 

Cow, 

lb. 

lb. 

188 

0,450 

418-60 

18 

4,009 

300-W 

181 

7,409 

287*48 

28 

3,868 

180*9l{ 

188 

6,183 

248-00 

30 

^,710 

1J8-70 

141 

«,217 

246-19 

22 

3,606 

176^40 

132 

5,377 

247-84 

31 

3,400 

IWO, 

127 

4,495 

184-60 

36 

8,154 

168-0(i 

Total 

88,131 

1,631*01 

Total 

21,787 

1,074-16 

Average 

6,866 17 

271-83 

Average 

3,622*88 

179-02 

6 of the 

poorest half-breds. 

6 of the poorest oountry-brec 

No. of 

Yields. 

Fat. 

No. of 

Yields. 

Fat. 

Cow. 

lb. 

lb. 

Cow. 

lb. 

lb. 

290 

3,694 

166-60 

15 

1,629 

76-46 

140 

3,628 

145*05 

7 

1,306 

62-68 

288 

3,616 

144*66 

24 

1,233 

60-41 

136 

3,388 

137*70 

16 

1,167 

68-35 

261 

3,349 

130*69 

21 

1,127 

52-89 

242 

2,994 

120 00 

9 

1,047 ^ 

4722 

Total 

20,664 

844-60 

Total 

7,400 

36806 

Average 

3,444 

140*76 

Average 

1,234-83 

.59 67 


At Pusa also Ayrsliire bulls have been imported for crossing 
with the poorest milkers of the Montgomery herd. The ejcperiii.onts 
are still in progress but so far as they have gone > they promise 
success. — [Editor. ] 

* 

* • 

Albuminoid Ratio. The albuminoid ratio was first “ made ’ 
in Germany, and like a good many other German things it wan 
foimd to be unsuitable for us. The writer long ago pointed out thai 
as these rations were worked out on German animals, with Gerrpai 
food, under a German climate, they would require to be greatlj 
modified* to suit us, and he is rather pleased to find that mahj 

! S_ 

* Kellner’s famous stock work on the subject “ The Scientific Feedinfjf of Animals ” Va 
always held by the best British agriculturists to be totally inaccurate regarding its treatmen 
of roots in mtions. The truth is, the Carman never has and never will rightly understam 
what ^ mean by * roots ’ as ^he can only deal in sugar-beet and vegetables which hardly raiil 
as* cattle food.— [W. S.] * » * • 
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otW people yive eome round to tliu viraj of tidnMng. l&e first 
olumge wag^made hj tlie Ameiioans, who found that l^e German 
figises wwe quite wrong for Amerba, and drew up a soak for ‘ 
themselves. The reaotiou has oome to us now, and saner ideas 
are prei^iling. To put the matter generally, it is found that a , 
hiixture of ^oods which shows a ratio of one to ten or one to twelve 
is"quite as good as a more concentrated one, but with great many 
advantages" in favour of the Ipwei grade feeding. Thus, instead 
of using hi^ly nitrogenous foods, like cottOn-oake or bean meal, 
v^e can use those of a more starchy nature, and thus middlings, 
maize, rice, and fseds of that class are quite as efficient, while 
usually costing less in the market. As a matter of fact there is 
a rough correspondence between the market prices and richness 
in nitrogen in foods as there is in manures ; cakes are nitrogenous, 
while ouch things as maize, rice, middlings, etc., are not. All this 
in practice means that we shall get as good result on a less forcing 
ratio than we have hitherto used, with a corresponding improvement 
in tbe health of the animals. We shall have less milk fever among 
cows, for instaAoe, on a more starchy food than on one rich in 
albuminoids. We have taken a loi^ time to find these things out,, 
and probably much harm has been done in past years by following 
a scheme of using foods in too concentrated a fashion ; but it is 
not too late to alter and improve matters, and to use more of the 
“ weaker ” and cheaper foods and less of the “ stronger ” and 
dearer ones.— {Primrose McConnell. Journal of Dairymj and 

Dairy Farming in India, Vol. II, Part III.] 

* 

* * 

In the Myme Fconmiic Journal for May, 1916 , there is an 
interesting note oh Industrial Co-operative Societies by Mr. Alfred 
Chatterton. While it is true that in the new development of the 
material resources of India the industrial co-operative society may 
possibly play a very important part it must be noted that before 
this can oome about a very large! amount of experimental wodc 
will have to be done. Hitherto, so far as is known, industrial co- 
operative societies have not met with ^ny Wge measure of success, 
dnd tile work they have uxMertaken is more< of a commercial th^/n 



ifOTSS 


40 ^ 

ind^uJOTal cKaxaote^ Before starting an industrial •co-operative 
•^scM^y it is neoessary that the ground should be prepsBfed by ^reli- 
minaiy training, and when machinery is to be set up efEorts should 
be made to enlist the co-operation of surrounding 'vnUages so 
that there may be no shortage of raw material. In view of thf 
' amount of training and supervision which these societfes require it 
is not advisable to attempt to increase their number athll^rapi^y. 
This will be clear from the descrifition of the two Industrial Co- 
operative Societies established in the villages of Bannoor and Sabbeija- 
halli in Mysore. These have worked sufi&ciently long to afford some 
indication of the difficulties which will have to be overcome before 
they are completely successful. * 

The Baimoor Co-operative Society possesses a lice mill and 
a sugarcane-crushing plant capable of tui’ning out jaggery^. The 
capital of the Society is Rs. 22,600 divided into 160 shares of Rs. 150 
each (all of which have been subscribed and on each share Rs. 10 
have been paid up). The Mysore Glovernment have advancec. the 
Society a sum of Rs. 20,000 with which to pui^shase nwchiuery. 
and the plant has been erected by the Department of Industries. 
Mr. Chatterton reports that just before the sugar null was completed 
the ryots in Bannoor managed to get all their cane milled on the 
old lines as they were disturbed by rumours regarding the probabk 
success of the new plant. Only 30 maunds of jaggery was made 
here, but this small quantity has sufficed to dissipate their feart 
regarding the quality and quantity of the gur that can be turned 
out by the plant. The rice mill with a nominal capacity of 7 ewh 
of clean rice per hour has up to date worked for 6284 hours and 
has turned out 1,672 khandies of clean rice,, the milling revenue 
being Rs. 1,457-11-6. As there was not enough paddy forthcoming 
the tnill was not worked continuously, and even on working'dayt 
was not worked full time. The people store paddy in their godo.wtu 
anil sell it at favourable tuqps. They believe thaf paddy ,whei 
stored keeps much better than rice and sq they are unwilling to havi 
it milled. This state of things is, however, changing. The mill i 
beiag worked by the Department and the members of Ihe Co 
operative Society hardly realize that it is their owil px’operty am 
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that if it is aot a suooess they will have to make good the loss. This 
will, however, brit% them to a realization of the importance of it& 
working full time. * 

I ' At ^bbenahalli the Co-operative Soriety has established a 
pane-eroding plant consisting of a, 14 b. h. p. suction gas engine 
and a A 2' by 18* roller mill with sufficient evaporating pans of the 
new type'^ turn out 250 maunds of jaggery a day. It worked 
throughout the whole of the last cane-crushing season and successfully 
dpalt with the whole crop in the village. But as the crop in the 
village was a poor one there was not enough work for the cane- 
crushing plant. A larger area has been put down under the crop, 
and' if the current season proves favourable it should do extremely 
well. Here again the members do not realize the nature of the 
undertaking upon which they have entered. While they appre- 
ciate the advantages the question of repayment of the loan does 
not seriously trouble them. 

We quote the following remarks of Mi. Chatterton ; — 

“ At Bannoor, the people are now beginning to appreciate the 
advantages of having a rice mill in their midst, and at Sabbenahalli, 
from the outset they made full use of the cane-crushing plant ; but 
the whole work has so far been done by the departmental agency, 
and it seems hkely that it will be some years before the Co-operative 
Societies will be able to take over the plants and work them them- 
selves. Our object at the present time is to foster a sense of ownersliip 
with its responsibility and to associate and train the local people 
• to manage the undertaking. Ultimate success seems assured, but 
the goal is a long way off, and it is not easy to devise methods by 
which departmental control and responsibility may be gradually 
relinquished.’' — [Editor.] 

♦ 

* * 

The Goat as a Source of Milk. — In the Journal of the Board of 
AgrfcuUurej Jjondon, Vol. XXIJ, No. 7, there is a very practical 
and useful note on this sv.bjeot. 

In view of the small initial expenditure entailed, in the purchase 
of a goat, minimum housing accommodation re|j[uired, and the limited 
amount of cost of food and other maintenance charges and; above 
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all, the extiaotdinary hardiness and adaptability of •this animal, 

, goats can be profitably kept to supply milk for domestic use and it 
* is for domestic rather than lousiness purposes that the goat is here 
recommended. There is a widespread belief that goats’ milk 
always possesses a peculiar flavour. This flavour may possibly he 
caused by the goat feeding on certain herbs, but A is far upre 
probably due to a want of cleanliness of the utensils* epiployed. 
The rich creamy taste of the goat’s milk renders it more attractive 
to the palate than cow’s milk. It is easily digested by children 
and especially infants. It is also far less likely to contain tubercle 
bacilli of animal origin. 

In selecting a goat the purchaser should look to the follcfwing 
points ; — 

“ The body should be long and fairly deep, although if the 
latter point is very marked, it is probable that the animal is aged. 
It is important that the ribs should be well sprung, whilst a long 
head and a slender neck are generally considered to indicate a good 
milking strain. If the goat is dry the quality of iihe udder of.nnot 
be ascertained, but if in milk the udder should be carefully examined. 
It should not only be of good size, but soft and pliable, an I the 
teats should bo long and pointed, as they are then most easily 
handled. It is always desirable for the purchaser to see the goat 
he is about to buy milked at least once before coming to a 
decision. This is necessary not merely to ascertain the actual 
yield, but to find out if the animal stands quietly while being 
milked. A goat purchased in milk should not be less than two 
years old or over five. The age can be detected by examining 
the teeth.” 

It is stated that in England there are at present five breeds 
of goats, two of which belong to what may be called the conlmon 
kind and three to the improved varieties. The common type .are 
English and Irish goats, the superior breeds being t^ie ^Toggenburg 
of Swiss origin (the only strictly pm’e breed in Britain) and ‘the 
Anglo-Nubian and the crosses “ Swiss ” and “ Anglo-Swiss.” The 
last* cross is considered to* be probably the best all-round goat an 
Britain. * * ’ * 
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Goats breed when very 3^oaBg, (^a have two, sometimes 
threp, kids *dt one birth and often j»odu<» young twice a year. 
The period of gestation is about 21 weeks or roughly five months. 
If a fanuly keeps three goats they may justly look for a regular 
, supply of milk all the year round. Signs of the ooming into season 
are in sOme eases very transient. They consist in frequent bleating, 
a oonstarut shaking of the tail, a turgid condition of the vulva, loss 
of appetite and restlessness and a temporary diminution in the 
milk-yield if the goat is In milk. This condition will last from one 
to. three days. 

If the improvement of the stock for milk production is the 
object in view, it is essential to secure the services of a male bred 
from a good milker or still better having “ milking blood ” on both 
sides Qf his parentage. The kids will then be worth rearing. 
. Otherwise itis better to destroy male kids and use all the milk from 
the goat for domestic purposes. It seldom pays to rear male kids. A 
well-bred male kid may however be retained if it is not possible to 
secure near at hand one for service Avhenevei required. The 
repulsive odour and objectionable habits of he-goats are well known. 

'' In the feeding of goats absolute cleanliness of food and of the 
receptacle to hold it is required. The use of a metal pail is therefore 
advocated. Another essential is variety of food as the go».t will 
give up eating if a change is not provided. Economy in feeding 
should certainly be looked to. From their kid stage goats should 
be encouraged to eat all vegetable waste from the kitchen or 
ilouse-hold scraps. Except poisonous shrubs there is hardly any 
plant which is not acceptable to the goat. Goats are active and 
industrious feeders. ' 

For the first three or four days after kidding the milk should be 
fed to the kid as it is not then suitable for human consumption. 
After that time the goat can be milked twice or thrice daily. 
Milking should be carried out at regular intervals and the udder 
completely emptied each -time. The more quickly the milking is 
done the better ; otherwise, the goat will become impatient and 
restless. The last drops or ‘ strippings ’ arc always the richest, 
in E^land ah average goat will g^ve at its flush three pints a day* 
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fbe ?otai milk*yield in the case of an average goat is about 87 gallons 
a year, while in the ease of better milkers it liay go ap to 80 to 90 
gallons. * ’ ’ 

In India goats are successfully bred by professional shepherds 
in districts with moderate o/ light rainfall and li^t* naturally 
well-drained soils. A considerable variety of natur&l harbag^ in 
the tract and clean ground to graze each day are ,dss^ntial for 
raimng large flocks of goats and sheep. In small numbers goats are, 
reared in this country and their value as milk-produoers appreciated, 
but there is room for improvement, and goat-keeping tor domestic 
purposes might be extended with great advantage in many districts 

where it is hardly known.— [Editor.] ’ 

♦ 

In view of the scantiness of information available as to the 
relative values of various concentrated foods for dairy cattle in India, 
the work carried out at Lyallpur, under the direction of Mr. Koberts, 
Professor of Agriculture in coimection with the feeding of cotton 
cake (undeoorticated) to dairy cattle, and publislved in the Joiimal 
of Dai/ryiiig md Dairy Parmitig in India, Vol. II, Part III, is of 
considerable interest. Gram is the usual concentrated food 
used in the Punjab. Cotton seed is chiefly used in that 
province for feeding buffaloes and milch animals and ciiso to 
some extent working animals. For the past few years cotton seed 
cake has been manufactm-ed in Lahore ; its selling price is about 
Rs. 1-8 per maund f. o. r. Lahore. Eight cows were selected, and 
divided into two groups of four each. The two groups ware nearly 
alike in total daily milk-yield and in length of lactation period. 
One group was fed with cotton cake, the btiier with gram. The' 
cotton cake supplied was always first broken and then moistened 
for three hours before feeding. Small quantities of the cake* were 
pven to start with and this was mixed with gram. The propoi^on 
of cake was increased daily an^d that of gram decrea^d, until §t the 
bnd of eight or nine days the gram wa§ entii-ely replaced. A little* 
trouble was e 2 q)erienoed with one cow who refused to eat the cake* 
at ^first unless mixed with gram. Gradually this was overcome, 
*and later she consumed the cake greedily. At tife hud of tAs 
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second month, the total increase in live weight in both the grWps 
was found to>be prabtically equal. 

' Ab regards quantity and quality oS the milk the advantage 
after some tiinu w&s found to be on the side of cotton cake rather 
th^n on ^m. , 

It was fohnd that 23 seers of cotton cake had the same nutritive 
value as ^1 O’ seers of gram. The feeding of cotton cake is very 
economical. Cotton cake costs Rs. 1-11 per maund in Lyallpur 
wh^e gram runs at about Rs. 3-8 per maund. This will mean 
considerable saving to a dairyman keeping a herd of say 20 cows. 

It appears thereiore that cotton cake can be safely and econo- 
mically fed to dairy cows in milk. It is possible that this ’ food 
may not be suitable for cows nearing calving time, but further 
experience on this point is necessary. — [Editor.] 

* 

« * 

We print the following extract from a leaflet on “ Some Uses of 
Prlckly-pejir ” published by the Department of Agriculture, Madras. 

"In parts of Coimbatore district, prickly-pear is used after 
decomposition and composting as a manure for dry land crops such 
as cumbu, cfiolam, dry ragi and garden crops like ra^i, chillies, 
tobacco, wheat, plantains, sugar-cane, etc. This is, however, not 
resorted to by all. In many cases it is prickly-pear growing in 
corners of their fields or extending from outside into the fields that 
is cleared and composted by way of disposal. A few ryots compost 
prickly-pear especially when it is abundantly available near at 
hand ; but this is not followed as much as it mi^t be. 

' " Ryots, however, have taken up to the practice of carting to 

th& fields the earth which accumulates under prickly-pear bushes 
for improving their lands. In tank bunds and ‘porambokes, ' nothing 
is paid for the earth itself, and the cost is only two annas per cart- 
load .[when the distance to be carted ig about half a mile), for clearing 
> the prickly-pear to get at tlje earth beneath, digging the earth, loading 
and carting it to the fields. The price per cart is becoming higher 
gradually owing to the increased wages." The soil under the prickly- 
pear bushes is of high manurial value as it is very largely composed 
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of leaf mould and other organic matter blown in by the agency of 
wind. Prickly -pear itself contains more than 60 per cent, of o^ganij 
matter (Dr. Leather’s analysis) and if such a substance is composted 
with the rich soil found under these bushes the manuriaf\ talue will 
certainly be enhanced. Many of our soils are deficient in organic' 
matter and if a compost of pricldy-pear and the soil foufid under 
it is made and applied, the result will be beneficial. By osmposting 
prickly-pear, ryots not only obtain manure but get rid of this pest 
which is at present a nuisance in many respects. • 

“ The following methods may be adopted^for composting : — ‘ . 

(1) A trench 3' to 4' deep and 6' broad of any required length 
may be dug and kept ready during the interval between the first 
and second monsoons. During rainy days when the ryots have not 
got busy work, prickly-pear may be cut, removed, and filled in the 
trench and covered with soil that has been removed in digging it. 
The top of the trench will sink after some days owing to the decay 
of the stuff and at this stage the soil from under the removed bushet 
may be dug and thrown on the top. In places having good rainfall, 
this will make a good compost within one year. If the thori s have 
not decomposed thoroughly, tlxis may be left for another year wher 
the thorns also will decompose. 

(2) In regions of scanty rainfall, prickly-pear may be ’‘''movec 
and heaped up in convenient mounds and allowed to dry up during 
seasons when ryots have enough leisure at their disposal. Driec 
bushes, grasses, and other rubbish procurable in the vicinity may b« 
spread over the heaps and set fire to. The thorny substance r 
partially burnt. At this stage the earth Removed from under th< 
bushes or from lands close by should be spread all over the hea] 
which can then be left for some years until decomposition is complete 
In three or four years, this will be fit for being carted to fields. 

(3) If space is not available for the above, circular consfruotion 
similar to those used for grinding ckunam should he> made.’ Th 
prickly-pear is then thrown into this pit and ground by a stone 
grinder just as chunam is ground. Owing to the large amount c 
water in the stems Jbhe plant, when the stuff is ground, is convefte 

’ into h jelly-like substance within half an hour and' the whole ma* 
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oan be removed by mammuties and oarried to places vdiere compost 
is to be mad^? If ti^ is filled in pits or coveted with some earth, 
deoomposilson will ‘easily set in. The thorns also will not stand 
erect buh yrill lie flat and the nuisance they cause will be much 
.reduced. In this case the manure will be ready within six to eight 
months. 

“ Prickly pear can also be used to serve other useful purposes 
than the one above referred to. The water obtained after boiling 
pricidy-pear for some time can be used as a drier in whitewashes. 
An ordinary pot or i^hatti is filled with prickly -pear cut into small 
pieces ; as much water as the pot will hold is then added. The whole is 
boiled*for about three hours and stirred during the process. When 
cool, the liquid is strained and added to separately prepared white 
or colour wash in the proportion of 1 to 160 or 160. Whitewash 
or colour wash treated in this way becomes fast and does not rub 
off easily. In Indian houses this fast colour is a great advantage 
as it does not soil the clothing or body when the newly whitewashed 
walls are 'touched.* ” 

* 

' * ♦ 

Thebe has been a revival on the Bonibay side of the question of 
utilizing priokly-pear as fodder for cattle. There is nothing in the 
discussion that has not been dealt with many times in these columns. 
In Australia where it has been tried for cattle feeding they seem to 
be coming to the conclusion that the best thing to be done with 
this pest is to destroy it utterly, and then if it can be used to any 
advantage well and good, if not it is a good riddance of bad rubbish. 
A process has been discovered there of treating prickly-pear with 
arseuious triehlorlde, by which extensive areas have been completely 
(deared. In the course of the operations it has been discovered 
that a big percentage of potash oan be obtained from the ash of the 
priokly-pear, and preparations are being made to enable Australia 
to supplant G-ermany in the supply of potash . — {Madras Mail.) , 

* 

♦ ♦ 

•-Thb Fourth Annual Meeting of th'e Indian Science Congress, 
wiU be held at Ban|^lore on the 10th, 11th, 12tli, and 18th January 
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19 H. the Maharaja of Mysore has consexited to be 
fatron of the meeting whilst Sir Alfred Bourner K.C.I.E., 
* F.R.S., will be the President.’ The following Sectional Presidents 
have been appointed : — ^Mr. J. MacEenna, I.C.S. (Posa), Agrisultufe 
and Apphed Chemistry ; the Rey. D. Mackichan (Bombay), Physics 
#Di. Ziauddin Ahmad, O.I.E. (Aligarh), Mathematic^ ; Ml:. K. 
Ramunni Menon (Madras), Zoology ; Mr. C. S. Middlenj&s,, C.I.E 
(Calcutta), Geology ; Dr. J. L. Simonsen (Madras), Chemistry. 
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REVIEWS. 

Indian Journal of Economies, Vol. I, Part I, January 1916.— Issued 
quarterly by the University of Allahabad, Department of Econo- 
mics. Subscription, Es. 12 per annum. Single copy, Rs. 4. 

'We extend a welcome, belated but none-the-less sincere, to 
the excellent Journal which issues under the editorship of Prof. 
H. Stanley Jevons. The name is one which will recall many 
r memories of early struggles with formal philosophical conundrums. 
In his editorial foreword Prof. Jevons states that the issue of 
the Journal has been undertaken with a three-fold purpose — (1) to 
providers medium for the publication of articles on Indian 
Economics by authors of standing ; (2) to furnish a convenient and 
compact vehicle of publication for original investigations made 
by the staff of the Economics Department of the Allahabad 
University ; and (3) to disseminate information about the economic 
activities of other coimtries. 

The first issue is delightfuDy Indian in its subjects. It opens 
with an article on “ Agricultural Banks in India ” by that enthusiast 
-Mr. D. E. Wacha ; and although we must record our emphatic 
dissent from his opinions we cannot but admit the force and vigour 
with which Mr. Wacha states his case. Personally we would rather 
pin our faith to what Mr. Wacha is pleased to call “ these new- 
fangled societies, ” — i.e.. Co-operative Societies — ^than to an 
. institution like the Agricultural Bank of Egypt ; and we are firmly 
convinced thqt not only the financial but also the moral regeneration 
of India lies in the development of these co-operative societies. 
Easy money means easy debt. It is quite simple to liquidate a 
man’s debts : it is a slower process to educate him and develop 
'’his ohAradter to that he will not fall into debt again. • But of courto 

( 4X6 ) 
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!er^are two sides to this as to all other questions ; an^ Waoha 
srtainiy puts his case well. . 

A short paper on the ‘Indian cotton trade, by Prof, Todd is 
llowed by a most stimulating paper by our old friend Mr^. W. •H. 
loreland on the Ain-i-Akbari^ possible base line for the*economic 
istory of modern India. The figures relate to the hitter, part ol 
he sixteenth century and the writer considers that if •the figuref 
he Ain-i-Akbari contains can • be used they will fiu-niak a rea 
starting point for the modern economic history of the country. W« 
hope that this article will act as a stimulus to some of oiu- Indiar 
students of economics to examine critically thd available statistics 
of India before the British Government began to tabulate them 
They would command great, interest. 

The other articles in this issue are an interesting comparisoi 
of the Southern States of America with India as regarfls eebnorait 
conditions by Prof. Sam Higginbottom ; a paper on Indian fa( tory 
legislation by Mr. S. H. Fremantle, i.e.a.; and one on the tea( hing 
of economics by the editor. A set of able reviews of hooks on 
economic and kindred subjects completes the issue.* 

We congratulate the editor on the form and quality of hi-^ fij-st 
number and we look forward with much interest to future issues. 
The awakening of an interest in economics, especially the economics 
of agricultufe, is a most healthy sign of progress and we truf t that 
under the stimulus of Prof. Jevons and his staff the circle of Indian 
workers in this most fascinating subject will be widely extended, 
— [J. M.] 

* 

# # 

Bengal Economic Journal— Edited by Prof. C. J. Hamilton and 
Prof. J. C. CoYAJEE. Pubhshed by Macmillan & Co., I/td., 
Calcutta, Bombay, Madras, and London. Subscription Rs. 10 
per aimum. 

' We have received the first numbe^ of the Bengal Eoonojnic 
Journal edited by Professors Hamilton and Coyajee, and we take 
this , opportunity of welcoming a Journal which supplies a long 
felt want. . ’ , • ’ 


• 28 
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Economics are all too neglected in India. A little closer^tudy 
of thepi in ,tlie past would have saved much money, notably in 
'banking circles. . ' • 

• We would especially note the article on " The Moratorium 
by Prof. ' Coyajee, and criticism of the “ Report on Co-operation 
‘ in Indu^ ” by B. Abdy Collins. There is a cold, calm, hard common 
sense about them both which is most comforting in these days of 
lightning finance of the mushroom order. In the article on the 
Moratorium we would draw special attention to the statement made 
that “ Both Prance and Germany have been preparing for decades 
against the present ^;risis ; and yet when the time for action c.ime, 
the former took refuge under the most comprehensive scheme of 
moratoria ever devised while the latter adopted a policy of the 
most lavish extension of loans, and, even then, could not avoid a 
certain number of moratoria. At least since the Agadir incident the 
German banks, by Imperial command, have striven to make their 
resources more liquid and concentrated at home. In France, too, 
constant, .preparations have been made both by the Bank of Prance 
and by the other great banks for a rapid financial mobilization. A 
high authority, H. Germain, could say on behalf of the other banks 
that they were ready for any event, if the Bank of France was ready. 
The present war dissipated all this confidence in a moment.” The 
constant preparations made were of no avail ; for the closing of tlie 
stock exchange tendered the most liquid securities of all banks 
unrealizable. 

Such a fact should give those connected with finance furiously 
to think and we hope equally furiously to overhaul their financial 
machinery and see whether it would be capable of working under 
such a strain in a land where it is difficult to keep down rumours and 
to inspire confidence even far away from the actual crisis, and it 
must pot be forgotten that as we increase facility of communication 
and exchange throughout the world we render the financial failure 
of qne country likely to be felt more and more widely by aU others. 
The days of splendid isolation are gone for ever. 

, Mr. Collins’ remarks on auditors hit a weak spot and their 
truth -Ofl driven^ome by his reference to Indian banking circles. 
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• Tn order that co-operative societies may be able, to command 
the confidence of investors it is very necessary* that the system ol 
audit and the persons by vfhom this audit is conducted s^oufd be 
above suspicion. While there is no objection in principle societies 
being audited by non-Govemment auditors licensed by tljt 
Registrar— in fact non-official audit is to be preferred*as it is less 
likely to develop into a routine— it must be undorstodd that *th( 
audit staff should not depend for their pay and prospectg directl] 
upon C^entral Banks and Unions. It is on these and other ground 
that an Audit Federation somewhat on the lines of the Provincia 
Audit Union of the Central Provinces has much to commend it. 

What is wanted in the auditor is local knowledge and sympath 
backed by no personal interest in the matter. It lias often been sail 
that the manager of the local branch bank in an English agricidtnra 
town is the finest agricultural accounts auditor existing. He’ know 
when to be stern and strict and when not to allow undue striotnes 
to interfere with necessary progress because his knowledge cuable 
him to value assets correctly and the valuing of ijgricultujal .asset 
requires a special knowledge which cannot be found in any oulsidei 
The progress of co-operative societies wiU render it nec ( ssar 
to train auditors in this line, if they are not to be hindered in thei 
progress, not so much to audit accounts — ^nrany can do that— i)iit t 
put the true value on the assets. His .article is of the gioates 
interest and wc hope he will write again. There is still plenty ii 
the report awaiting criticism. — [W. S.] 

* 

* ♦ 

A Manual of Elementary Botany for India. By Rai Balu^dur K. Rang.v 
Achari, M.A., L.T., Madras. Printed and published by Iho 
Superintendent, Government Press, Madras. Price Rs. 2. 
Untit. quite recently the professor or teacher of elementary 
botany in India was dependent on text- books written in Eijrope 
of America. Such books, while excellenliin dealing ivith principles, 
are' ill adapted for use in India, since the plants and conditions 
desqjribed in them arc in many oases not found here. There exists 
i very, considerable ’technical literature regarding Indian botany^ 
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but the dfg^t of that material suitable fora text-hook basoeen 
made in onlji a few Bases. The work under review is the most recent 
•of tfiese attempts to utiKze local maferial for the elucidation of ' 
botanical principles and it certainly is the best work of its kind so 
f^r produced. The book has been printed and published by the 

* Governijieut'Press, Madras, and the letterpress, plates, and general 
get-up are excellent. Considering this, the price is amazingly low — 
a most desirable thing, for Indian students will not, as a rule, 
indulge in expensive books.' 

The manual is avowedly elementary, and the writer confines 
his attention to the flowering plants. The morphology of many 
local' examples is fully explained. The most striking parts of the 
book are those dealing with the anatomy of plants, illustrated by 
really convincing original microphotographs. Apart from the 
value fo the student of the morphological and anatomical portions, 
they are also of value to the teacher in showing him what 
material to use for the demonstration of special points, and it is 
hoped that the yery excellence of the book on its descriptive side 
will deter no student or teacher from going direct to the living 
plant. 

As the book does not pretend to be a manual of laboratory 
practice, detailed directions are not given regarding microscopical 
technique and the designing of physiological experiments. At the 
same time it is desirable to develop the physiological section of the 
book, making it more precise, and dealing at greater length with the 
evidence on which the necessarily dogmatic text-book statements 
are based, e. g., in the case of the study of plant nutrition by water 
cultures (p. 133), and fni' the case of the statement (p. 186) “ it is 
obtiouB, that for the production of offsprings, the fusion of the male 
and female cells is essential even in the case of plants.” 

In reading through the book the scientific purist may take 
exception to many minor points, such as the mixing of classification 
.systems by mviding plants, into spermaphyta and crypto^ms (p. 1]C 
the calling of the web of a girder its flange (p. 91), and the statement 
that “ groups of plants that give a distmotive feature to a looafity 
are oaHed ^'formations’ ” (p. 330) ; but these detract little from its 
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vatu« aa a text-book. A complete and exhaustive indfex is however 
a necessity. ^ ^ 

One problem confronting the author of such I book is to produce 
a work which shall be useful in all parts of this greafrjcontinent. 
How far this problem has been solved can only be determined hy, 
trial, and we strongly recommend ah professors and teachorj of 
elementary botany to make use of the book and comiiMinisate their 
views to the author of. the book. 

It is to be hoped that in time text-books for India will* be 
produced dealing with more advanced botany a^jd especially with the 
cr 3 ^togam 8 . Is it too much to hope that a group of professors and 
teachers may collaborate to produce a composite advanced manual 
for India on the lines of Strasburger’s Text-hook of Botany ? 

Manuals of applied botany are also required giving summaries 
of the great mass of valuable Indian work done in plant breeding, 
mycology, and economic botany generally.— (W. B.) 


The Year-book of the United States Department of Agriculture, 1915.— 

(Pages 610, Plates 75, Figs. 13, etc. VVasliingtoii. Government 

Printing Office.) 

This publication is perhaps one of the mimns in which the 
economic progress of the world is most (iomprehensively ’reflected. 

There are two outstanding features in the 1915 issue. One 
18 , of course, the effect of the European war — reflecteil in the 
changes in acreage, value, and quanlitics Exported, of crops; the 
other is the large number of articles which deal w'ith voluntary 
organization among agi'iculturists. 

With a record yield of wheat in 1914 and an iiuirease of* over 
26 per cent, in the price, 37 pei cent, of the ciop grown in th&Stpteg 
was exported; and the 1915, crop, estimated at o^er.a thousand 
million bushels, again beat all records. On the other hand, a cotton* 
crop 14 per (tent, greater than that of 1913 was worth one-third less to 
American farmers, and a d^rease of 15 pei" cent, in the acreage for 
1916 coincided with a falling off of 20 pir cent, in the yield per aerC. 
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lie proJ^eet of a rise in the prices of American exports as 
jooin] 2 aTed wKli tliose ot impoTtB, as a te^lt of the traixsfei of capital 
• from Europe dirriJyg the war, should be encouraging to the growers 
of long-staled cotton in India. 

. • Seven of the 24 prticles in the Year-book relate to co-operative 
organization of one kind or another, and give a very comprehensive 
idea of the importance of this movement and the extent to which 
it can be fostered even in such a home of individualism as the United 
States. 

The movement* embraces almost every conceivable aspecit of 
rural economy, from the breeding of livestock and the marketing 
of crops to dairying and the improvement of roads ; and includes 
such diverse organizations as boys’ and girls' clubs for specific 
purposes, local ‘ small community ’ clubs, and mutual insurance 
companies. In an article on “ How the Department of Agi'icultiu’e 
promotes Organization in llural Life, ” Mr. C. W. Thompson, 
Specialist in llural Organization, says : — 

“ Renewing ‘all the various types of organization through 
which the Department of Agriculture seeks to promote the welfare 
of the farmer, it may be noted that in every case the organization 
is undertaken for some specific purpose, and that that purj)ose is 
one which can better be accomplished through concerted effort 
than through individual action alone. This represents the general 
policy of the Department with regard to orgi>,nization among farmers. 
The Department does not encourage organization simply for the 
sStke of organization, nor does it encourage the indiscriminate 
formation of organizations for any and every object Avhatsoevcr ; for 
some objects may be'^accomplished efficiently and economically by 
individuals working each by himself. 

For the accomplishment of those objects whicli clearly call for 
co-operative or co-ordinated action on the part of the farmers, the 
Department .encourages a more efficient use of existing organizations 
Vhete that is practicable, 'either by inducing them to take up new 
lines of activity, or by pointing out efficient methods of carrying 
on ■'the activities for which they were originally formed. Where 
new associations ate needed, the Department endeavours to decure 
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organizations which are as simple in form as jo8Bibl^,«nd to keep 
in the foreground the object of the organization rafBer tha^j^ the 
organization itself.” • 

It is difl&cult to imagine a more effective way of counteracting 
the centralizing tendencies of Governments yvhether^ autocratic or, 
socialistic, than by voluntary organization on these pilncip]es; 
and reading these articles one catches a glimpse of a future»when the 
activities of Governments may be merged in the public recognition 
and inspection of voluntary associations, not merely organized »for 
agriculture, commerce, or education, but co-t>rdinated for readily 
accessible justice, for police, and, on a basis wider and more solid 
than has over hitherto been possible, for military defence of the 
common weal — ^the ultimate prerogative of ccjilralized .Mithority. — 
[A.O.D.J 


* 

* * 


Note on Cattle of the Bombay Presidency. — ^Bulletin^ No. "JS of the 

Department of Agriculture, Bombay. Printed ilt the Yci-avada 

Prison Press, Pooixa. Price iVs. 31 or 4(?. 

This Bulletin deals with cattle of the Bouibay Presidency 
excluding Sind. The author, Rao Sahib Kelker. is a senior officer 
of the Department who is intimately acquainted uith tJie local 
conditions of his pr(>vince. The pimince is divided into nine tracts 
and in each the conditions are briefly noted on. In the chapters on 
Breeds of Cattle, Dairy Industry, and Feeding of Cattle, the auth«r 
has included a large amount of original local information acquiied 
by personal contact with the cattle-owners.* Driginal inforniatioif 
of this nature is always valuable, and unless such is put on re(*ord 
agiicultural departments stand to lose much valuable mtiterial 
when members leave the service. • . , 

, A plan is given for the 4;reatment of 50 acres, tq yield ,green 
foifider continuously throughout the year. This problem would, o1^ 
course, have to be separateljr worked out for each tract. It will prove, 
^a.''?ery fruitful sourep of work and one which will have to be seribusly 
taken in hand in all parts of India. — [ G. S. H‘.] • * * • . 
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PiUrying anUMry Breeds {In Marathi).— "B y B. K. Ghabe, 

Pages l)*f 196,* Printed by Mabadeo Sakharam Date at the 
Vaidic PatrikS Press. Price Re. 1. 

• 

. The author of this book, Mr. Bhaskar Kashinath Ghare, L. Ag., 
Agrioultaral fiecturer at the Cawnpore Agricultural College, brought 
out a snjalf .pamphlet in Marathi under the title of “ Milk and 
Dairying three years ago, and the book under review is a much 
eui^rged edition of the same with certain additions and fuller 
treatment of the subjects dealt with therein. As far as we are 
aware this is the first book of its kind in Marathi treating so fully 
and simply about the importance of milk' in all its aspects and the 
care of animals, etc., and is a welcome addition to the literature or 
teohnicaj subjects in that language. The author seems to have 
made every endeavour to avoid English seuentific terms or then 
high-sounding coined equivalents of Sanskrit origin in his work, 
and tliis has tended to make the subject-matter easy ol 
compreheRsion. ^ • 

Tn the introduction written for this book by Mr. M. C. Phatak, 
L. Ag., the injportance of pure milk and its production has beer 
shown in a concise but impressive way, and it conveys to the mine 
of the reader a vivid idea of dairying and animal husbandry as 
it should be practised in India. 

We find the whole book packed with very useful facts >vhicl 
have been well put together. But we also notice some statementf 
wihich either require modification or amplification. 

The process of secretion of milk as described in Chapter 1 is toe 
bi’ief to be easily’’ followed and should be made clear enough. 

* The author, in his enthusiasm for extollmg the virtues of milk 
has gbne the length of attributing to it the power of curing formid 
able/liseases like consumption. We do not doubt the digestibility 
and nutritivg y^alue of pure milk diete in certain diseases, but w( 
oaimot agree with him in «8ndowing it with curative powers ove: 
.this of all the diseases. 

. In Chapter IV the slope recommencled for gutters in the byn 
L f(Jr the'pasSag^ *of urine and dung is 6 inches to every 20 f6et o 
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length. This is mmecessarily steep and we believe 'that a slope 
oi 3 iaclieB to 25 feet of length ought to suffice for tills purpo^^e. 

In describing circulation of blood the liingS are said to be a’ 
part of the circulatory system which is not the case. Tltey belong 
to the respiratory apparatus. , 

Chapter VII regardiirg common ailments of cattle* is \jety 
meagrely treated. In this chapter under the heading of “,Hoven ” 
it is recommended by way of treatment to force the animal to run 
about. This is a dangerous practice. • 

In Chapter VIII on cattle-breeding the (description of breeds 
lacks precision, and the illustration used to represent the Jaiferabadi 
buffalo is not a typical one. All the illustrations of oattfe are 
rather indistinct. 

There are many typographical mistakes both iJi figures and 
words throughout the book, and the author would do \rell to attend, 
to these and the points referred to above when bringing out aimther 
edition of the book. 

The book on the whole is very useful and informatite i,ud as 
such it will, we hope, be appreciated by the Marathi-reading public. 
-1.J. H.] 
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b.Am Assistant to the 
Government Agricultural 
Chemist. 


Messrs. Thacker, Spink k 
Co., Calcutta. 


72 Some Factors affecting the 
cooking of Dlioll {Cajanni 
indUms)* Memoirs of the De- 
partment of AgricuUui’e in 
India, Chemical Series, Vol. IP, 
No. 5. Price R. 1 or If. 6d. 


B. Vtswanath, T. Laksh- 
roan Row, b.a , and 
P, A. Ragliunathaswami 
Ayyangar, D. a.. Assistants 
to the Government Agi'i- 
cultural Chemist. Madras. 


73 Studies in the Chemistry and 
Physiology of the leaves of the 
Betel vine h$tUf) and of 

the Commercial bleaohing of 
betel-vine leaves. Memoirs of 
the Department of Agriculture 
in India, Chemical Series, 
Vol. IV. No. 7. Price R. 1 or 
If. 6d. 


Harold H. Mann, d.bc.. 
Agricultural Chemist to 
the Government of 
Bombay, and V. G. Pat- 
wardhan, B.Ag. 


Ditto. 


Ditto. 


11 Note on the Soil of the Experi- F. J. Warth, m.bo., Agri- Government Printing, 
mental Farms. BiilleUn No. 13 cultural Chemist, Burma. Burma, Rangoon, 
of 1916 of tiie Department of 
Agriculture, Burma. Rrioe 
As. 2 or 2d. 

75 hA Soil Survey of the Guntur W. H. Harrison, M. so., and Government Press, Madras. 
Delta. Bulletin No. 70 of the B. Vishwanath. 

Department of Agriculture, 

Madras. Price Re. or 2f 3d. 


c , , BOTANy. 

l 76 Some Varieties of Indian Gram 1 Albert Howard, o.Ll., Messrs. Thacker, Spink A' 
{dear ariiiinum, Xm), Memoirs j M.A.; Qabrielle L. C. Co., Calcutta. , 

of the l^partment of Agri Howard, M. a.; and Abdnr 

oultnre in India, Botanical Rahman Khan, Second 
Series, Vol. VII, No. 6. Price i Assistant to thef Imperial 
B. 1 or If. G<f. I Economic Botanist. 



U8T Of AQRIOOLTORIL PUBLIC A.110MS 


LIST OP AQRIOULTDRAL PUBLIC ATIONS-co«W. • 


Wo* Title Autlior jWhei'e published * • 


Botany— contd. 

,77 StudieH in Indian Oilseeds, Albert Howard, c.i.K., Meterti. T4«oker, Spink 

No. 1, Safflower and Mustard, m.a. ; Gabrielle L. C. A Co., Ca Icutta.* 

Memoirs of the Depaitmeut of Howard, m.a.; and Abdiir 
Agrioultiire in India, Botanical Rahman Khan, Second 

Series, Vol. Vll, No. 7. Price Aasistant to the Imperial 

Re. 1-8 or 2s. 6d. Economic Botanist. 

78 Studios in Indian Sugarcanes, C. A. Barber, sc.i>. Dit^o. 

No. 2. Sugarcane Seedlings, (Cantab.), Government 

including some correlations Sugarcane Export, 

between Morphological M^^ras. 

Characters and Sucrose in the , 

Juice. Memoirs of the Depart- I 

ment of Agriculture in India, i I i 

Botanical Series, Vol. Vlll, 

No. 3. Price Bn. .‘1 or 4«. Sit. ' ' 

79 An Account of the Genu.M • K. P. ShrivaHUiva, Askih- ; Government Press, Control 

CajJiicnm grown ill the Central! taut Economic JlotiiniHt, Provinces, Nagpur, 
Provinces and Berar. Bulletin | Central Provinees. t 

No. 5 of the Central Provinces ' 

Department of Agriculture 
(only 50 copies available for ' 
sale). 

MYCOLOGY. ^ , 

80 Block Thread Disease of I J. K. Dastnr, h.hc., l«t Oovernnfhnt Printing, 

in Burma. Bulletin No. 14 of ANsisUnt to the Imperial Burma, Rangoon. 

19l0of theDopartiiient of Agri- Mycologist, Pusa. 
culture, Burma. Price As. 2 
or 2d. 

ENTOMOLOGY 

81 One Hundred Notes on Indian T. Bainbrigge Fletcher, Government Pr ..tin; 

Insects. Bulletin No. .59 of the f L..s., f.k.s., f z.s., India, Calcutta. 

Agricultural Research Institute Imperial Entomologist. 

Pusa. Price As. 8 or 9d. 

• 

82 First Report on the Experiments M- N. J)e, Sericultural India Press, (Jalcutla. 

carried out at Pusa to improve Assistant, Pusa. 
the Mulberry .Silk Industry, 
compiled under the direction 
of the Imperial Entomologist. 

Uulletiu No. 48 of the Agricul 
tural Research Institute, Pusa. 

Price As. 6 or 7t/. (Translated 
into Bengali.) 

83 The Mango Shoot- borer. Leaflet P. O. Sen, Entomological Obtainable from t^h o 

No. 2 of 1916 of the Bengal Collector, Bengal. Department of Agricul- 

Department of Agriculture (for ture, Bengal, 

free distribution). 

VETlfttlNARY- 

84 St«tistio8 compiled by the j Issued by the Government Government Printing, 

Government of India from the I of India, Revenue and India, Calcutta. 

Reports of Provincial Civil I Agriculture Departiuent. 

Veterinary Departments for 
1914-15. • 



AGElOULtURAL JOHItRAL 07 INDIA 


fXl IV.. 


LIST OF AQUIOULTURAL PUBUOATIONS-hxwoW. 


, Kf . ^ Title^ Author Whore published 


Fs^sHfiory— oontd. 

SS Some Diseittei) of Cattle in India, Major G, K. Walker, O.I.S.. Government Printing, 
1916'. A handbook for atock ISuperintendent, Civil India, Oalcutta. 
owners I (revined, 4th edition.) Veterinary Department, 

PriQjj Aj.,, 8 or 9d, Bombay. 

80 Annual ^poi*t of the Civil f Issued by the Department Government Press, Bihar 
Veteiinary Department, Bihar of Agi'iculture, Bihar and and Orissa, Patna, 
and Orissa for 191546. | Orissa. 

87 Annual Report of the Civil Issued by the Department Government Pi‘ess, Allaba 

Veteiinary Dep<u*tiDi'ut, United of Agriculture, United bad. 

Pi'ovinoee. for the year ending ProvinocH. 
aUt March, 1916. 

88 Annual Administration Report Issued by the Civil Veteri* Goverament Press, MadroH. 

^ the Civil Veterinary Depart- nary Department, Mad- 
ment. Madras Piosidency, for ras. 

1914 16. Price Re. 1-2 or 1#. 9d. 

89 KoLort on the Working of the Issued by the Department Government Press, Central 

Civil Veterinary De^u*troeiit, of Agriculture, Centi'al , Provinces, Nagpur. 
Oontrai Provinces and Berar, Provinces and Berar. 
for 1916-16. Price R. 1 
li. 6<f. 

90 Annual llejiort of the Govern- Issued by the Department Government Press, Banga- 

inenfA Stud Far^si at Kuuigal, of Agriculture, Mysore. lore. 

Mysore, for 191446. 
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PDBliCATIONS OF THE IMPERIAL JMIPART- 

MENl’ OF AGfilClJLTORE JIf INDIA. 

^ ^ 

To BR H^D rBOM * 


Thr OrnoB or the Agbioulturiii Advibbr to the Govehhment or Inuu., Pui»A> PiUAti, 
^ and from th4 following Agwiii * 


(1) THACKER. SPINK A . CO., Oaloutv. 

(2) W. ISiW^^LklSi A CO., Oaloutea. 

(8) Kai M. 0. 8ABKAR Bahaouh A 

SONS, Calootta. 

(4) HIGGINBOTHAMS, Ltd., Madras. 

(5) THOMPSON A GO., Madras. 

(6) D, B. TARAPORBVALA SONS A 

00., Bombay. 


(7) THAOKBR A CO.. Ltd.. Bomba v. • 

(8) SUNDBR*PANr>URiTNG, Bombay. 

(9) Rai Sahib Af. GULAD GIN OH A 

SONS. Lahore. ^ 

(10) MANAGBK.BnucA'nONABlIoOK 

1>BP0T, Naopur.* ^ 


Aimual Report of the Imperial Department of Ajfriculture in India for the yoar 190 V05. 
Prioe, As. 12 or li. 2d. {Out of ^nL) 

Report of the Imperial Department of Agriculture in India for the years 1905-06 aiul 1906.07, 
Price, As. 6 or 7d. * 

Report of the Agricultural Research Institute and Collette. Pnsa (including the Report of 
the Imperial Cotton Specialist) for the ^ears 1907-09. Price. As. 4 or bd. 

Report of the Agricultural Research Institute and College. Pusa (including the Keponfof the 
Imperial Cotton Specialist) for the year 1909-10. Prioe, As. 4 or 5d, 

Report of the Agricultural RMearoh institute and College, Pusa (inoliuUiig the Kopoi*! of the 
Imperial Cotton Specialist) for the year 1010-11. Price, As. 6 or 7d. 

Report of the Agricultural Research Institute and College, Pusa (inoludiog the Repot t of the 
Imperial Cotton Specialist) for the year 1911-12. Price. As. 8 or 7d. * 

Report of the Agricultural Research Institute and College. Pusa (including the Report of tlie 
Imperial Cotton Specialist) for the year 1912-13* Price, As. 7 or 8d. 

Report of the Agricultural Remroh Institute and College, Pusa (including theia^ort of .the 
Imperial Cotton Specialist) for the year 1913-14. Prioe, As. 8 or 9d. 

Report of Hie Agricultural Research Institute and College, Pusa (including the Repot c. of the 
Imperial Cotton Specialist) for the year 1914-15. Price, As. 8 or Qd, 

Report on the Progress of Agriculture in India for the years 1997-99. Price. As. 6 Or 7d, 
Report on the Progress of Apiculture in India for the year 1909-10. '*Pripe, As. for 7 m. 
Report on the Progress of Agriculture in India for the year 1910-11. Price, As. 12 or Is. HtL 
(Out qf print,) 

Report on the Progress of Agriculture in India for the year 1011-12. Prioe, As. 6 or 7o\ 

Report on the Progress of Apiculture in India for the year 1912-13. Price. As. 8 or9*f * 
Report on the Progress of Agriculture in India for the year 1913-14. Price, As. 8 or 9f/. 

Report on the Progress of Agriculture in India for the year 1914-15. Price. Ah. .5 or 6ff 
Proceedings of the Inter-ProvincialJute Conference held at Calcutta from the 2n<l to 4 th 
August 1915 (with Appendices). Price, As- 6 or 7c/. 

Proceedings of the Board of Agriculture in India, held at Pusa on the 6th January 905 and 
following days (with Appendices). Prioe, As. 8 or 9d, 

Proceedings of the Board of Agriculture in India, held at Pusa on the I5th January 1906 and 
following days (with Appendioes). Price, As. 12 or li. 2d, 

Proceedings of the Board of Agriculture in India, held at Cawnpur on the 18th February 
1907 and following days (with Appendices). Price, Re. 1-2 or U. 6d, 

Proceedings of the Board of Agriculture in India, held at Pusa on the 17th Febiiiary 1008 
and following days (with Appendices). Prioe, As. 8 or 9c/. . 

Proceedings of the Board of Agriculture in India, held at Nagpur on the 15th February 19(W 
and following days (with Appendices). Prioe, As. 8 or 9df 
Proceedings of the Board of Agriculture in India, held at Pigia on the 21st February 1910 and 
following days (with Appendioes). Price,. As. 8 or 9d, 

Proceedings of the Board of Agriculture in India, held at Piisa on the 20th November 1911 
and following days (with Appendices). Prioe, As. 10 or li. (Out of print.) * 

Proceedings of the Board of Agriculture in India, held at Coimbatore on the 8ih December 
1918 and following days (with Appendices). Price, Ro. 1-2 or Is. 9d. • 

Proceeding of the Board of Agriculture in India held at Pusa on the 7th February 1916 mid 
following days (with Appendioes). Price, Re. 1-2 or Is. 9d, 

Standard Currioulum for Provincial Agricultural Colleges as recommended by tlitf Poard Qf 
Agriculture, 1908. Prioe. As. 4 or 6d. * 

The Agricultural Journal of India, A Guarierly Journal dealing wit^ st^jeots cognecied 
* with agrioultoral economics, field and garden crops, economic plants and fl-uits. soils, 
manures, methods of ciiltiTation. ini^tion, climatic conditions, insect pests, fungus 
•diteaaes, co-operative credit, agrioultund cattle, farm implements and other agricultural 
matters in India. IHustrations, including coloured plates, form a prominent feature of the 
Journal. It is edited by the Aggionltund Adviser to the Govermnent of India, with the 
as si s t a n ce of the Staff of the Pusa Agricultural Researoh Institute, Aumual Suatewip* 
« Non, Ba. 6 or 8f. fid. inolbding postage. Singls copy, Bs. 2 or 8#, • ^ « 



Memoirs of the Department of Agriculture in India are 
issued from time tp time as matter is available, in separate series, 
, srjc4\ as Chemist^, Botany, Entomology, and the like. 


BOTANICAL 5eRie5. ^ 

Vol. T, No. d. ^tudieal*^ in Uoot-Paraaitiim/ The Haiiitoriiiin of Santaluni album.-- 
^ ^ Part I.—Barly StA^efl* up to Penetration, by 0. A. Barber, if. a., r.L.s, ' 

^ ^ Price, R. 1. {Out of print.) 

d Q Part II.—The Structure of the Mature Haustorium and the Inter-relations 

between Host and PareHtte, by 0. A. Barrrr, m.a., r.L.8. . jprice, Rs. 3. 
{Out of print.) 

Vol. I, No. II. Indian Wheat Rusts, by R. J. Butler, m.b., ; and J, M. HatmakV 

( n.v.s. Prioe, Rs. 3. {Out of print.) 

Vol. I, No. III. Funjfus Diseases of SiiRsroane in Beni^al, by K. J. Butler, m.b., F.L.S. 
Pricf , Rs. 3. {Out of print.) 

Vol. 1, No. IV Oottypium ohtutifoliumt Roxburgh, by I. H. Bdrkill, m.a. Price, R. 1. 

Vol. I, No. V. An Account of the Genus Pythium and some Chyt^'idiae 9 (JB. by E. J. 

Butler, m.b., f.l.b. Price, Rs. 4-8. {Out of print.) 

Vol. I, No. VI, Cephoimroi nirsiosni, Kunie : The * Red Rust* of Tea, by Harold H. 

Mann, d.8c.,p,l8. ; and 0. M. Hutchinson. • B. a. ‘Price, Rs. 4. 
[Out of print.) , ^ 

Vol. IT, No. I. Some Diseases of Cereals caused by Sdiroipora grhminicola, by E. J. 

' Butler, m.b., f.l.8. Price, Re. 1-8. 

Vol. II, Not n* TheIndianCottons,by G. A.GAMMIE, f.l.8. Price, Rs. 7-8. {Out of print.) 

Vol. IT, No. III. Note on a Toxic Substance excreted by the Roots of Plants, by F. 

Fletcher, m.a., b.sc. Price, Re. 1-8. 

Vol. IT, No. IV. Studies in Root-Parasitism, Part III.— The Haustorium of Olax tcandsmt 
s. by 0. A. Barber, m.a., f.l. 8. Price, Rs. 3-8. 

Vol. IT, No. V. studios in Root-Pnrasitism, Part IV.— The Haustorium of Camgera Rheedii 
by C. A, Barber, M.A., P.L.8. Price, Rs. 2 8. {Out of print.) ’ 

Vol. II, No. VI. Some Experiments in the Hybridisincr of Indian Cottons, by P. F. FygOK 
B.A., F.L.S. Price, Re. 1-8. (Out of print.) ’ 

Vol. II, No. VII. The Varietal Characters of Indian Wheats, by Albert HcyvARD, m.a. 

F.L.8. ; and Gabrikllr L. C. Howard, m.a. Price, R. 1. {OfU o) 
print) 

Vol. IT, No. VIII. The Mulberry Disease caused by Corynsum mori. Norn., in Kashmir, with 
notes on other Mulberry Diseases, by E. J. Butler, m.b., f,l. 8. Price. 
Re. 1-8. (Om< of print.) 

Vol. IT, No. IX. The Wilt Disease of Pigeon-Pea and the Parasitism of JV^eocosmospora 
vaiinfecta. Smith, by E. J. Butler, m.b., f,l.s. Price, Rs. S. 

Vol. Ill, No. 1. Studies in Indian Tobaccos, No. 1.— The Types of Nicotiana rustica. L. 

Yellow Flowered Tobacco, by Albert Howard, m.a., a.r.c.s., f.l.8. • 
andGABRiELLE L. C. Howard, m.a. Price, Rs. 4. 

Vol. Ill, No. II. Studies in Indian Tobaccos, No. 2.— The Types of NieotUtna tahacum. L., 
by Albert Howard, m.a., a.r.c.s., f.l.b. ; and Gabrirlle L. c! 
Howard, m.a. Price, Rs. 9. 

Vc\ III, No. Ill, Studies in Indian Fibre Plants, No. 1.— On two Varieties of Sann, 
Orofalaria junc^a, L., by Albert Howard, m.a., a.r.c.8., f.l.8.; and 
Gabriblle L. C. Howard, m.a. Price, R. 1. 

Vol. Ill, No. IV. The Influence of the Environment on the Milling and Baking Qualities of 
Wheat in India, No. 1,— The Experiments of 1907-08 and 1908-09, hr 
Albert Howard, m.a., f.l.8. ; H. M. Leake, m.a., f.l.8. ; and 
Oabriklle L. C. Howard, m.a. Price, Re. 1-8. 

Vol. Ill, No. V. The Bud-Rot of Palms in In.iia, by E. J. Butler, m.b., f.l.8. Price 
Hr. 2. 

Vol. Ill, No. VI. The E<K>noraic Signifioance of Natural Cross-fertilization in India, by 
Albert Howard, m.a., a.k.c.s., r.L.8. ; Oabrirllb L. C. Howard. 
M.A. ; and Abdur Rahman Khan. Prioe, Rs. 4-8. • 

Vyl. IV, No. 1. Millets of the Genus Sdaria in the Bombay Presidency and Sind, 
by O. A. Gammie, f.l.8. Price, Re. 1. 



V.No. IL 

Vol. IV, No. III. 

i Vol. IV. No. IV. 

V||. IV, No. V. 
Vol. IV. No. VI. 
Vol. V, No. I. 
Vol. V, No. II. 

vol. V. No. III. 

Vol. V, No. IV. 
Vol. V, No. V. 
Vol. VI, No. I. 
Vol. VI. No. Jf , . 
Vol. VI, No. III. 
Vol. VI. No. IV. 
Vol. VI, No. V. 
Vol. VI. No. VI. 
Vol. VI. No, VII. 
Vol. VI, No. VIU. 

Vol. VIT, No. I, 
Vol. VII, No. II. 

Vol. VII, No. III. 
Vol. VII, No. IV. 

Vol. VII. No. V. 

Vol. VIT. No. VI. 

Vol. VII, No. VIT. 

Vol. VII. No. VIII. 

Vol. VIII, No. I. 
Vol. VIII. No. IT. 
Vol. VIII. No. III. 

• 

Vpl. VIII, No. IV. 
Vol. VIII, No. V. 
Vol VIII, No. VI. 


BOTANICAL SBRIBS-^odiic^c#. 


Studies in Indian Fibre Plants. No. 2.— On some new Varietie*J*^ 
cannabinui, L., and HibUatu Sabdarifa, L., by Albrkt Howard, 
R.A., A.R.U.8., r.L.6. ; and G abrixt.lk li, C. Howard, m^a. Price. Re. 8. 
Notes on tbe Incidence and Effect of Sterility and of •Orois-fertilisation 
in tbe Indian Cottons, by H. Martin Leaks, h.a.; and Bam Prasad. 
Price, R. 1. ’ 


The Inheritance o> Red Colour, apd tbe Regularity of Self- fei til lsaA<^ in« 
Oorehorui oapiti/arf#, Linn., the oominon Jiiten^lant, by R. S. Finlow, 
B.8C.; and I. H. Burkill, m.a., f.l.8. Pnce, B. 1. 

Observations on Certain Extra-Indian Asiatic Cottons, by fl. Martin 
Lbaks, M.a. ; and Ram Prasad. Price, It. 1-8. * 


The Morphology anddParasitism of RAisocfonfa, by F. J. F. Shaw, b.8c.,. 
A.R.O.6., F.L.9. Price, Rs. 2. . * • 

On the Inheritance of some Obaracters in Wheat~I, by AlbkAt Howard, 
M.A., A.R.C.8., V.L.8. ; and Gabrisli.b L. C. Howard, n^a. Pri^^ 1, 

The Influence of the Environment on tbe Milling and^fiaktoi^iiAlitieR 
of Wheat in India, No. 2.— The Experiments of 19U9-l(^nd 1910-11, by 
Alrert Howard, m.a., f.l.s. : H. M. Leake, mTa.,* r.L.R. ; and 
Gabrikllb L. C. Howard, m.a. Price, R. 1. 

The Varieties of So^ Beans found in Beng^, Bihar and Orissa and ^eir 
commercial possibilities, by E. J. Woodhodbe, m.a., f.l.s. ; and 
G. Comers Taylor, b.a. Price, Re. 2. 

On Phytophthoranaratitiea, nov, A ner Disease of the Castor Oil 
Plant, by J. F. Dastur, b.bc. Price, Rs. 2. 

Studies in Psronotporaetoft by B. J. Butler, m.b., f.l.s. ; and 
G. S. Kulkarni, L.Ag. Price, Rs. 2. »* 

Notes on Pollination and Cross-fertilisation in the Common Rice Plant, 
Oryta salfra, Linn., by G. P. Hector, m.a., b.bc. Price, R. 1. 

A SolerotiAl Disease of Rice, by F. J. F. Shaw, b-sc., a.rcs., fl.b. 
Price, R. 1. 

Studies in Indian Tobaccos, No. 3. —The Inheritance of C^racters in 
Nieoiiana tahaeum, L., by Gabkiblle L. C. UoWArD, m.a. frice, Rs. 3. 

Studies in Indian Cottons, Part t—The Vegetative Chara^rs by H^ 
Martin Leake, m.a., F.L.a. ; and Ram Prasad. Price, EA .3 K. 

Red Rot of Sugarcane, by E. J. Butler, m.b., f.l.s. ; and Abiujl Hafiz 
Khan. Price, R. 1. 

Some New Sugarcane Diseases, by E. J. Butler, m.b., f.i, s. ; and 

' Abdul Hafiz Khan. Price, Rs. 2. 

A Preliminai’y Note on the Classification of Ricesin the Central P ‘oviiicos, 
by R. J. D. Graham, m.a., b.8c. Price. Re 1-8. * 

The Influence of the Environment on the Milling and Baking Qualities of 
Wheat in India, No* .3. ITie Experinients of 19IM2, by Albert flowsKD, 
C.J.R., M.A. ; TI. M. Lkakk,m A ; andG* L. C. Howard, M.A, I ricefR. 1 
or la. 6(/, 

Studies in Indian Sugarcanes, No* 1, Punjab Canes, by C. A. Barber, 8c.i>. 
Price, .3-8 or 5#. (kf. 

The Distinguishing Characters of Sngarcanes cultivated at Sjihoiir, by 
K. J. WOODHOUBE. M.A. ; and 8. K. Basu, m.a. ; with a Note om Chemical 
Characters by C. Somers Taylor, b.a. Price, Pc. 1-8 or 2it. o/i. 

The Potato Blight in India, by J. F. Da8TDR, b.bc. Price, B. 1 or 1 a. dd. 

Tbe Genua in Inaia, by F. J. F, Shaw, b.hc. ; and S, L. 

A.TREKAB, B.A., Dip. Agi*. (Cantab). Price, It. 1 or 1 a. W. 

E^erimenta on the Physiology of Indigo-yielding Glucosides, by F, R. 
Parnell, b.a. PHoo, II. 1 or 1a. flrf. 

Some Varieties of Indian Gram (CirArarfA^inwin L.), by Albert Howard, 
O.I.E., M.A. ; GabriblleL. C. Howard, ai.a. ; and Ardur ItAHMifN 
Khan. Price, K. 1 or 1a. flcf. • , , . 

Studies in Indian Oil-seeds, No. 1. Safflower and Mustard, by Albert 
Howard, c.i.e., m.a.; Gabrielle IJ?C. Howard, m.a.; and Ardor 
Rahman Khan. Price. Re. 1-8 or 2a. Mp % 

On the Inheritance of some Characters in Wheat— II, by Ai^ert 
Howard, o.i.r., m.a. ; and Gabrielle L. C. Howard, m.a. Price, 


Re. t-8 or 2a. fid. , . 

The Wheats of Baliichisiant Kborasan, apd the Kurram Vaney, by 
Gabrielle L. C. Howard, m.a. Price,Jfe. 1-12 or 2a. fid. 

Observations on the Inheritance of ^thooyan Pigment ,in Paddy 
varieties, by G. P. HECTOR, M.A.. B.8c. {In th$ prssi.) • • * 

Studies in Indian Sugarcanes, No. 2, Sugarcane Sidling*, including some 
correlations between Morphological Characters* and Siicroad in tbe 
juice, by 0, A. Barber, bc.d. ^ice Rs. .3 or 4a. .3d. ' $ 

Pollination and CrosH-fertilisation in the Juar Plant, by R. J. D. Graham, 


M.A.. B.Sc;. {In the preet ,) 

Phytophthora Sp , on Bevea BratilientiSt by J. F# Dastur, b.8c. {In the * 
preii*) • • 

Phytop^thora on Vinca roeea, by J. F. Dabtue, b.^. {In the prets,) 



* CHEMtCAL SERIES 

Vo). 1* 31 m Ooi^poiitiotl of lodiaD BikIn and ww, 07 x*ajL’mWt 

• ^ ph.D..ri. 0 . PHoo.B.1. ■/ 

V 0 I. f , No. n. The CJonmoeition of the Ofl-Seedi of ItidU, hy J. Wai,tbr LiumBR, rtip., 

F.I.C. Price, E,l. (Oirf * 

V 0 I. f, No. III. The Pot-Ooltiire Home at the AirricuUnral Beeeeroh Inetltate, Pum, >7 
J* WAig^EB Lbatuxe, Ph.D., V.I.O. Prloe. Be. 8 . 

Vol. I, No. It*. Bu^anenteon the AvailabUi^ of Phoephatee and Potaah in Soili, hy 
V JT. Waltie LiAniB, Ph.D«, F4AI. Prioe, Be. 1-8. e 

Vbl. I, No. V. TheQofie^*tiotion of Drain OauireB at Puia, by Bf . H. ABNOn. v.inst.o.b., 
with a Preface by J. Waltxr Liaxhbr, rti.D., rj.a Prioe, Ba* 8. 
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